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Editor 
Ray Osterwald, NODMS 


Electric Radio™ is all about the restoration, maintenance, and 
continued use of vintage radio equipment. Founded in May of 
1989 by Barry Wiseman (N6CSW, SK), the magazine continues 
publication for those who appreciate the value and excitement 
of operating vintage equipment and the rich history of radio. It 
is hoped that the magazine will provide inspiration and 
encouragement to collectors, restorers and builders. It is 
dedicated to the generations of radio amateurs, experimenters, 
and engineers who have preceded us, without whom many 
features of life, now taken for granted, would not be possible. 

We depend on our readers to supply material and photos for 
ER. Our subscriber’s primary interest is in articles that pertain 
to vintage equipment and operating with a primary emphasis 
on AM, but articles on CW, SSB, and shortwave listening are 
also needed. Photos of hams in their radio shacks are always 
appreciated. We invite those interested in writing for ER to 
write, email, or call. 


Some of Our Regular Contributors Include: 
Tom Marcellino (W3BYM), Gary Halverson (K6GLH), Joe Long 
(WA2EJT), David Ishmael (WA6VVL), Jeff Covelli (WAS8SAJ), Mike 
Bittner (W6MAB), D.S. “Jeep” Platt (K3HVG), George Misic (KE8RN), 
Mike Murphy (WU2D), Larry Will (W3LW), Dave Gordon-Smith 
(G3UUR), Pat Griffin (AA4PG), Phil Legate (ACGOB) | 


Editor’s Comments 


Virginia vs. Victoria 
In last month’s issue, Mike Murphy 
(WU2D) made an unfortunate typo with 
Virginia Hall’s name in part two of his 
article The Lyon Connection, calling her 
“Victoria.” Mike feels bad about this typo 
as Virginia Hall is quite a famous woman. 
The Annual Electric Radio Heavy 
Metal Rally is Coming! 
‘Let’s plan to run the Rally Saturday, 
January 4th. This is now the 29th year 
after Bill Kleronomos (KD@HG, SK) 


announced it and the Rally has always 


been a fun event. Last year there was low 
participation, likely due to poor propagation. Over the years, the Heavy Metal 
Rally has been a full contest, then no contest, then back again to a contest, and 
finally to what it is now: a night of friendly 75 meter AM activity that is intended 
to showcase our classic, high power AM transmitters running the full legal limit. 
Any AM transmitter is welcome, but be sure to leave breaks between transmissions 
so the Elmacs and DX-40s can check in. It typically begins at local sunset and is 
a 75 meter phone event. As in years past, I'd like to once again run photos and 
comments in the February 2019 issue, so please continue sending them in! 
Merry Christmas from Electric Radio! 
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Cover: The editor has owned this RCA AVT-112A transmitter since 1962, 
purchased as a junker for $1.00 and restored during 1999. This transmitter was 
in a rather long line of attractive RCA aircraft transmitters designed and built 
in the late 1930s and were used in civilian and military aviation. | 
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Men Who Have Made Radio: 


Reginald A. Fessenden 


Originally Appearing in the January 1930 Issue of Radio Craft 
Magazine 


Original Magazine Scan Courtesy of 
Gary Halverson, KOGLH 


In the ranks of the scientists and 
inventors who have made radio what it is, 
today, it is hard to classify the subject of 
this brief sketch as belonging more to one 
division than to the other. In both roles, 
he has been one of the most striking 
figures; and his versatility, be it said, has 
extended throughout many fields. There 
is little which he has touched, in the field 
of knowledge to which he has not made 
distinct contributions. Yet, pre-eminent 
among Professor Fessenden’s 
achievements are the developments which 
he made in the art of radio telephony — 
that department of radio most interesting 
for the layman, because it includes 
broadcasting. Reginald A. Fessenden was 
born in Milton, Province of Quebec, 
Canada, although of Colonial Americans 
ancestry. While yet a very young man he 
became associated with Edison, as an 
electrical engineer, and later as chief 
chemist. He later worked with the 
Westinghouse Company; aid in 1893 
became professor of electrical engineering 
in the Western University of Pennsylvania 
at Pittsburgh. There, as early as 1895, he 
began experimental work with radio waves 
(or “Hertzian” as they were then known). 
In 1899 he there made radio-telegraph 
with the idea of 
facilitating the work of the Weather 
Bureau. He soon became associated with 
that organization; and later the technical 
guide of the National Electric Signaling 


demonstrations 
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Co., one of the rival organizations which 


were then pushing the development of 
“wireless telegraphy.” But Dr. Fessenden, 
a master of the dynamics of sound — 
among many other things saw possibilities 
in “wireless” of more than telegraphy. 
The Hertzian waves used in spark 
telegraphy rose and fell in “dampened” 
oscillations; Fessenden conceived the 
possibility of generating undamped or 
“continuous” waves, and imposing upon 
them the modulations of speech. In 1901 
he accomplished this feat, and his was the 
first human voice to be borne into space 
on a radio “carrier.” “To this success, he 
added that of the rectifying electrolytic 
detector, the successor of the coherer and ~ 
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the precursor of the crystal and the tube 
also, Fessenden conceived and patented 
the idea of the radio frequency alternator. 
He worked in this field for years, 
increasing more and more the world’s 
knowledge of radio and in 1909 added 
the rotary spark gap to his previous 
inventions, thereby extending the range 
of “wireless” signals. Among his earlier 
suggestions we find, well, the use of the 
principle of heterodyning; which was 
compelled, however, to wait for the 
development of the tube oscillating: 
circuit for its perfected application. In 
1909 
demonstrated radio telephone operation 
between Brant Rock, Massachusetts, and 
Washington, replacing his radio- 
communication work by other activities, 
Dr. Fessenden has since devoted a 
considerable portion of his time and 


Fessenden successfully 


genius to the subjects of navigation and 
signaling at sea. How well he succeeded 
in this field may be shown by the fact 
that, less than a month ago, the medal for 
promotion of safety of life at sea, awarded 
to him by the American Museum of 
Safety, was bestowed upon Dr. Fessenden 
for more than a dozen nautical safety 
devices: including the fathometer, which 


permits taking soundings without the © 


use of a line, by reflection of sound waves; 
direction finders; and many other 
electrical and sonic inventions. The medal 
was received at an official gathering in 
New York by his son, Major Reginald A. 
Fessenden, Jr., in the absence of the 
doctor, who is now in Bermuda, the 
scene of his earliest post-college activities. 
It may be of interest to know that, in 
addition to many works on mathematics 
and other forms of pure science, as well as 
its applications, Dr. Fessenden has made 
contributions to archeology and ancient 
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history. The interests of his restless and 
inquiring mind, in fact, have been almost 
universal; but no other branch of human 
activity, after all, is so deeply indebted to 
him for practical contributions as the 
science and art of radio telephony. 


Editor's Notes: 118 years ago this 
month, Fessenden made the first voice 
modulated radio transmission on 
Christmas Eve, 1901, to astonished 
shipboard operators that heard it. After 
his first two-way radio operations, 
Fessenden moved to other areas of 
interest. 

Fessenden held more than 500 patents 
and won Scientific American's Gold 
Medal in 1929 for his fathometer, 
mentioned in the article above, a marine 
instrument that could measure the depth 
of water beneath a ship's keel. Fessenden 
improved upon Edison’s light bulb 
patent, according to the National Capitol 
Commission of Canada. 

After splitting with his business 
partners, he left the Brant Rock site in 
1911 and sued his former company. 

During the 1920s Fessenden began a 
long lawsuit against a group that included 
RCA, which had purchased patents from 
the defunct National Electric Signaling 
Company. Winning the suit in 1928, 
Fessenden and his wife a restored an 
historic seaside house in her native 
Bermuda and the couple moved there 
permanently. Reginald Fessenden died 
in Bermuda on July 22, 1932. 

The New England Wireless and Steam 
Museum has much more information on 
Fessenden and many photos of his rotary 
spark gap transmitters. An Internet search 
will discover their site and is well worth 
spending time there. 
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RCA AVT-112A Transmitting Equipment 


By Joe Long, WA2EJT 
3111 King Street 
Endwell, NY 13760 
wa2ejt59@stny.rr.com 


Introduction 

The RCA AVT-112A is a late thirties’ 
transmitter designed for use in civilian 
light aircraft and is a companion to the 
AVR-20 receiver that I described in the 
March 2019 issue of Electric Radio. That 
article contains background information 
on both Signal Corps and civilian use of 
the equipment that applies to both the 
AVR-20 and AVT-112A. In addition, 
the article includes some information 


specific to the AVT-112A and readers 


might find a review of the article to be 
worthwhile. 

The AVT-112A is an AM transmitter 
covering from 2500 to 6500 kHz with an 
output specification of 6 watts. The 
transmitter uses four 6V6s — one for the 
crystal oscillator, one as the power 
amplifier, two more in the modulator, as 
well as a GAF6 “Magic Eye” indicator 
tube anda 6SL7 amplifier (for the 6AFG.) 
The oscillator stage is a Pierce type crystal 
oscillator with an interesting twist that I 
will describe later. The power amplifier 
stage is conventional except for the 
complexity of the output network which 
is designed to match any of the variety of 


antennas that might be used on a small 


Pri Anti, rotate ant. reel for mg 


Figure 1, Front Panel of my AVT-112A: The transmitter was keyed when I took the 
picture; the upper shadow on the magic-eye tube shows antenna current while the 
lower shadow shows the cathode current. The transmitter does not have a “pre-war” 
appearance that is evident when it is compared to the AVR-20 front panel. 
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plane. The final is plate-modulated by 
the 6V6s that are driven directly (through 
a Oeranstommer), *trom a’ carbon 
microphone. The magic eye tube is used 
to monitor both the antenna current and 
the PA stage cathode current (the GAF6 
has two shadows.) The modulator is also 
used as an intercom (“Interphone 
Communication. (System )- “for 
communicating between the pilot and 
observer/passenger. The RF section of 
the transmitter is switched off when in 
this mode. 


Tuning up the AVT-112A when it is 
installed in an airplane is not a simple 
matter,’ bimitnemdestpnersedid the 
engineering required to ensure that the 
resetability of the controls was good 
enough that the entire tune-up process 
did not have to be repeated when 
switching back and forth between 
different frequencies or antennas. The 
AVT-112A front panel includes a chart 
where settings for a given configuration 


can be recorded and I found that resetting 
the AVT-112A from the recorded chart 


Figure 2: This view of my AVT-112 shows how little unused space there is above the 
chassis. Note the tight packing of the five tubes in the center section. The lighter area 
at the bottom left is a patch required to cover the hole for a non-standard connector 


that had been installed. 
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Figure 3: The enclosure for the 
modulation and 
transformers is visible in the lower 


microphone 


foreground. This view also shows how 
little unused space there actually is above 
the chassis. The five octal tubes fit in a 
space measuring about two by six inches. 


settings works quite well. 

The design work required to make this 
resetability possible had to be done within 
the severe cost, size, and weight 
constraints imposed by the pre-war light- 
plane market. The RCA engineers came 
up with a first-class package in the AVT- 
112A as evidenced by the Signal Corps 
WWII use of the equipment for ferry 
service and in observation aircraft. 

Hardware and Restoration 

The AVT-112A is essentially the same 
size and weight as the AVR-20 — a six 
inch cube weighing about six pounds. 
However, instead of the 0.05 inch 
aluminum used for the AVR-20, the 
AVT-112A chassis and case are made 
from 0.03 inch copper plated steel. The 
use of thinner gauge steel helped to keep 
the transmitter’s weight down and | 
suspect that steel was used so that it could 
be copper plated. The copper plating 
helps to ensure good electrical contact 


between the chassis and case, and two flat 
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Figure 4: The PA tank variable capacitor 
is below the antenna coupling assembly. 
This view also shows how little unused 
space there actually is above the chassis. 
The five octal tubes fit in a space 
measuring about two by six inches. 


springs on the chassis provide positive 
contact points between the two. 

Unlike the AVR-20, the rear of the 
case has two sets of ventilation holes — 
the transmitter dissipates more than 30 
watts when keyed, hence the ventilation. 
In addition, there are three 5/8 inch 
diameter holes punched in both of the 
chassis side panels that serve (along with 
the vent holes) to reduce weight a bit. 

There is virtually no unused space in 
the AVT-112A. The top of the chassis is 
filled with the six tubes, the two output 
network coil assemblies, the modulation/ 
microphone transformers, an electrolytic 
capacitor can, a couple of power resistors 
and the output tank variable capacitor. 

The two coil assemblies are attached to 
the front panel and both have support 
stand-offs at the rear of the chassis. The 
modulation and microphone 
transformers (which share a case) are 


tucked neatly under the loading coil 
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assembly and the variable capacitor is 
beneath the tank/coupling coil. The 
under-chassis area is equally full, to the 
point that several of the tube sockets are 
essentially invisible under the wiring. This 
dense packing was necessary to achieve 
the small size of the transmitter but it 
does present a‘ challenge 
troubleshooting or 
replacement is required. 


when 
when parts 

Power is supplied via a 10 pin Cinch- 
Jones connector on the rear panel. Spring 
loaded binding posts, also located on the 
rear panel, are used for connections to 
the antenna, ground and receiver. Unlike 
the AVR-20, no connections are made 
on either side of the transmitter case. All 
operating controls are located on the 
front panel. 

The front panel consists of a thin 
aluminum overlay that is attached to the 
underlying steel panel. I got two “parts” 
transmitters from Editor Ray Osterwald, 
one which had been extensively modified 
while the other was in close to original 
condition. It was the latter unit that I 
decided to restore. Unfortunately, the 
paint on the front panel of this transmitter 
was in poor condition with much of it 


having flaked off, andasa result I decided 


to swap overlays between the two © 


transmitters. 

The swap was not trivial because the 
overlays were attached to the front panel 
with nine tiny (3mm) rivets. This made 
it necessary to drill out a total of eighteen 
of them. I used my drill press and a 
Unibit ® (instead of a center punch) to 
start each rivet as close to its center as | 
could manage and followed up with a 
twist drill to do the actual removal. In an 
operation like this there was the possibility 
of a slip and catastrophic damage to the 
panels at each rivet, but I got all 18 


without a problem. I used tiny machine 
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screws and nuts to re-attach the panels. It 
turned out that I was able to remove all of 
the paint from the bad panel so | 
reattached it to the other transmitter, 
resulting in probably the only “silver 
panel” AVT-112A in existence. 

The panel markings on the AVT-112A 
are stamped into the overlay and the 
stamped areas filled with white paint. 
Essentially all of the paint remained in 
the stamped markings so the panel needed 
further work. In contrast, the AVR-20 
panel markings are painted on and 
damage on the panel would require a 
major effort to restore the labeling. 

I was feeling a little smug about my 
machining skill in accomplishing the 
panel swap but soon after I learned from 
Pete Hamersma (WB2JWU) that he had 
done a similar job, drilling out the rivets 
on the front panel of an LM frequency 
meter. Pete used only a hand-held electric 
drill but somehow managed to avoid 
damaging the panel. The LM rivets are a 
bit larger, about 9mm in diameter, and 
we agreed that the hand-held drill 
approach would not work very well on 3 
mm rivets! Pete went through his ordeal 
in order to get access to a couple of buried 
bathtub capacitors that needed 
rebuilding. 

As I mentioned in the introduction, 
fitting six tubes, myriad small parts and 
the output network components in the 
small chassis results in real crowding 
which makes access to many of the 
components difficult. My AVT-112A has 
almost all of its original resistors and 
capacitors and its wiring is mostly 
undisturbed. One modification I found 
was that the original 10 pin Cinch-Jones 
connector had been replaced with an 
odd-ball plug that I removed and replaced 
with an 8 pin Cinch-Jones connector. 


That connector left me two pins short 
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Figure 5: This waveform for the AVT- 
112A modulation, for a 700 CPS audio 
input, shows that the audio sounds as 
good as this waveform looks —at least to 
those of us who like “communications 
quality” audio. 

and I finally decided that I could live 
without the audio “sidetone” (intercom) 
connections. 

My initial testing of the transmitter 
showed 5 or 6 watts output with excellent 
modulation and as a result I decided to 
leave all of the original resistors and 
capacitors unchecked and in place. | 
recognize that these old parts are little 
time-bombs that could go off at any time! 

Circuitry 

The crystal oscillator stage is an 
untuned Pierce type with an unusual 
feature. The crystal is shunted by a type 
991 neon lamp in series with a 22 pF 
capacitor. The manual does not explain 
the reason for the presence of the lamp 
beyond listing its function as being a 
“voltage regulator.” Norm Chipps 
(N3RZU) commented in his article that 
“A 991 was used as a signal limiter and to 
prevent crystal fractures.” This was in 
line with my initial thinking that its 
function is to limit the voltage across the 
crystal, either to protect the crystal or to 
equalize the transmitter output variations 
caused by the activity differences between 


crystals. 
8 Electric Radio #367 


SS 


SS 
SS 
SS 


Figure 6: This shows the cover of an 
RCA advertising brochue for the 
attractive AVI-15 transmitter. 


A second reference to the 991 lamp 
appears in the RCA AVT-15 transmitter 
manual, where the same neon lamp/ 
capacitor is used in the crystal oscillator 
circuit. In the technical summary section 
of that manual the function of the 991 is 
listed as a “voltage limiter.” 

To more thoroughly investigate this 
circuit I removed the transmitter from its 
case to observe how the 991 behaved in 
operation. I found that the lamp fired 
only when the transmitter tank was 
resonated, and that it did not matter 
what (if any) load was connected to the 
output, or how the other output controls 
were set. This was puzzling, but on closer 
examination I noticed that the 991 is 
located on the bottom of the chassis 
directly below the output tank variable 
capacitor and that there is a hole through 
which the 991 protrudes slightly above 
the chassis. This means that it is the field - 


around the output tank capacitor that 
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Fane 7:An RCA 5742. 5 KC crystal, is 
plugged into an AVT-112. This is from 
an Internet search because I have not 
found anyone who owns one of these 
RCA type crystals. “5742.5 KC” is listed 
in a 1937 Federal Register document as 
a “Government” frequency. 


actually causes the lamp to fire, To 
confirm this I covered the hole with a 
piece of sheet metal and with the hole 
thus covered the lamp will not fire under 
any conditions. 

I checked the effect of extinguishing 
the lamp with the transmitter in 
operation. As you would expect, there 
was a slight shift in frequency but there 
was no change in the PA cathode current 
or power output. I also checked the RF 
voltage across the crystal pins and found 


no significant difference with the lamp 


on or off. 

A crystal failure in a hamshack is 
nothing more than an inconvenience but 
in an airplane, the same failure could be 
catastrophic so a little extra insurance in 
protecting the crystal seems like a good 
idea, especially considering that the cost 
is only two inexpensive components. 
However, to my knowledge RCA used 
this circuit only in the AVI-15 and AVT- 
112A so the company must have decided 
that the protection was unnecessary. | 
have found only one other pre-war aircraft 
set, the Western Electric model 27A 
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Me elated: 


Figure 8: Here is the cover of an 
advertising brochure for the AVT-12B 


transmitter. 


receiver, that used a neon lamp in a 
crystal oscillator circuit: “A neon lamp 
associated with the circuit tuned to the 
crystal frequency is employed to keep the 
excitation constant with variation in 
Crystal activity, (rererence 1). hue 2/4 
isa “UHF” (75 MHz) navigation receiver. 
The circuit is different from that used in 
the AVT-112A — the crystal is across a 
parallel tuned circuit in the plate of the 
oscillator tube. It is interesting to note 
that there isa Western Electric transmitter 
with the same “27A” model number. 
The AVT-12 PA stage uses cathode 
keying, which is controlled by the 
microphone PTT switch. The PTT switch 
also controls the internal antenna relay 
and a second relay located in the AVA- 
126 power supply. The second relay 
switches B+ between the receiver and 
transmitter. The PA output tank is tuned 
to resonance with the above mentioned 
variable capacitor, and output is taken 
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through the variable coupling link. 
Different amounts of loading inductance 
(or capacitance) can be switched in to 
compensate for the reactance of a variety 
of antennas. 

High level plate modulation is used, 
which might seem surprising when the 
design objective is to make the transmitter 
as small and light as possible, but for a six 
watt transmitter the modulation 
transformer can be very small and 
therefore adds no significant weight (or 
volume.) At this power level there is no 
advantage to using any form of grid 
modulation. 

The use of transformer coupling with a 
carbon microphone results in a very low 
parts count for the modulator: the two 
6V6s, the modulation and microphone 
transformers, two resistors, and a dual 
electrolytic capacitor; these eight parts 
are all that is required for modulating the 
transmitter. The current for operation of 
the carbon microphone is taken from the 
6V6 cathode resistors, which are bypassed 
using the above two resistors and 
electrolytic capacitors (a total of 80 ufd) 
in order to remove any audio from the 
microphone current line. 

As I previously mentioned the 6AF6 
has two shadows, one to display the PA 
cathode current, the other for antenna 
current. Tune-up instructions indicate 
that the plate current should be “dipped” 
by tuning for a minimum shadow width. 
Loading is done by tuning for maximum 
antenna current which displays as 


shadow width. These 


indicators work nicely in spite of their 


increasing 


giving only relative readings. In addition, 
there is a jack for plugging in a 
milliammeter for measuring the actual 
PA cathode current. I use a 0-100 mA 
meter and leave it plugged in at all times. 


When tuned up as per the manual 
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instructions, the cathode current is about 
45 mA when loaded for full output, while 
the “unloaded” current is about 20 mA. 
These values are similar to those listed in 
the maintenance section of the manual. 
An advantage of using the meter is that 
mistuning or other problems that occur 
are more apparent from a meter reading 
than from the widths of the magic-eye 
shadows. 

Tuning up the AVT-112A in a ham 
shack is similar to tuning up any relatively 
low power ham transmitter and simpler 
than some of them because no oscillator 
or buffer stage adjustments are required. 
For the AVT-112A it comes down to 
dipping the final and adjusting the 
loading and coupling controls for 
maximum output. When installed in an 
airplane the actual process can be much 
more involved, as I describe later. 

Tuning Controls 

“A” - PA Tuning — a variable capacitor 
to resonate the output tank 

“B” — Selector — a switch for different 
antenna types 

“C” — Ant Loading —a switch with taps 
on the loading inductor — the coarse 
adjustment 

“D” — Ant Loading — a movable ferrite 
core for fine-adjustment of the inductance 
Aity Sk 

“E” — Antenna Coupling — varies the 
coupling between the tank coil and the 
output link 

“B” has three positions for different 
antenna types and a fourth position for 
intercom use. Position 1 is for a trailing 
wire antenna, position 2 is for short 
(capacitive) antennas that require loading 
inductance, and position 3 is for antennas 
that are inductive, i.e., that need series 
capacitance; this position switches in a 
270 pF capacitor (C11.) The manual 


explains that this capacitor might need to 
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be changed, depending on the antenna. | 
was curious about where C11 is located 
but it does not show up on the parts 
identification photographs in the manual. 
I found Cll behind the front panel 
attached to the antenna selector switch 
(“B”). Changing the capacitor requires 
removing two tubes and even then would 
be difficult given the cramped working 
space. 

Dial settings for different frequencies/ 
antennas can be recorded on the tuning 
chart on the front of the transmitter. 
This makes it relatively easy to switch 
between different frequencies or antennas 
by resetting each of the tuning controls 
to the numbers recorded on the tuning 
chart. For related 
frequencies such as the day/night pair 
3105/6210 kHz you don’t even have to 
switch crystals. 

The variable antenna coupling 


harmonically 


mechanism (“E”) uses a “follower” riding 
in a thread to move the coupling link coil 
in and out of the tank. This is a compact 
assembly that provides smooth variation 
in coupling between the tank and the rest 
of the output network. This arrangement 
was used because of its compact nature 
and because the in-out movement of the 


link is translated into a rotary motion. ' 


The tapped loading coil (“C”) uses a 
similar arrangement for control “D” 
where a ferrite slug is moved within the 
loading coil to produce small changes in 
the loading inductance. The rotation 
allows use of a knob which can be 
accurately reset to a previously logged 
value. This is important in a light plane 
where the pilot is probably too busy to do 
more than enter settings from a tuning 
chart if an in-flight frequency or antenna 
change is required. 

This variable coupling system reminds 


me of a similar approach used in the BC- 
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187 transmitter (reference 2) where a 
variable antenna coupling mechanism is 
used but differs from the AVT-112A in 
that the variable link is connected directly 
to a shaft that is pushed/pulled through 
thee Gal S7ptronti panel. Lhis is 
mechanically simpler but does not provide 
a way to reset the coupling to a previously 
determined Another 
disadvantage of this setup is that a shaft 


position. 


protruding from a front panel could be 
accidentally disturbed, especially within 
the confined space of a small-plane 
cockpit. I suspect that the factors of 
compactness and resetability together 
with a lower risk of accidentally bumping 
the control are factors which led the RCA 
engineers to use a more complex 
mechanism in the AVR-112. 

I checked the resetability of the controls 
by carefully tuning the transmitter for 
maximum output (antenna current) and 
recording all of the settings. I then 
changed all of the settings and reset them 
to my recorded values. The output after 
dialing-in the recorded settings was about 
the same as with my initial tune-up. The 
most critical control is the PA tuning 
which must be within +1 dial division of 
the original (tuning chart) value. 

Outside that limit the output drops 
sharply. The PA tuning can be touched 
up by watching the antenna current 
shadow on the indicator as the PA tuning 
control is adjusted. 

In the middle of my resetability testing 
I found that the antenna coupling control 
(E) had become stuck. I knew better than 
to try to force it and I ended up removing 
the assembly (which required unsoldering 
four wires.) Disassembling the coils 
revealed old lubricant that had hardened. 
I considered what sort of lubricant to 
apply and finally settled on silicone grease. 


This material has the advantage of being 
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nonvolatile and chemically inert and as a 
result the grease will never dry out or 
harden. I also cleaned and relubricated 
the antenna loading coil assembly to the 
extent that I could without disassembling 
it. 

The instructions given in the manual 
for the AVA-120 trailing wire antenna 
are interesting. The first two steps are to 
tune the tank to resonance and to preset 
the other controls appropriately. This 
can be done on the ground. For the next 
steps the plane must be in the air: “With 
the plane flying level at cruising speed”, 
the antenna is to be let out while watching 
the antenna current indicator, until a 
maximum of antenna current is reached. 
The manual suggests reeling in the 
antenna and repeating the process to 
verify that the length is correct. Next, the 
antenna coupling is to be increased (or 
decreased) and the above steps repeated. 
The latter process is to be repeated until 
antenna current is maximized. This 
illustrates the advantage of controls that 
can be reset, thereby eliminating the need 
to repeat this lengthy tune-up process. 
Tuning up in a ham shack is easier, 
quieter and uses a lot less aviation gas! 

The section in the manual covering the 
trailing wire antenna has this helpful 
suggestion: “...many pilots clip a spring 
type wooden clothes pin on the throttle 
whenever the antenna is extended, serving 
as a reminder to reel-in the antenna before 
landing. The clothes pin is moved from 
the throttle to the reel when the reeling- 
in operation has been completed.” 

Tune-up of the transmitter using a 
fixed antenna on the airplane is similar to 
the trailing wire procedure, with the 
additional step of adjusting antenna 
loading to tune out the antenna reactance 
but with the difference that the entire 


procedure can be done with the plane on 
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the ground. 
Test Results 

The manual lists the approximate 
lengths for trailing wire antennas for 
several frequencies. The lengths turn out 
to be a 4 wavelength for each frequency, 
indicating that the output network 
configuration for trailing antennas was 
designed for a load in the neighborhood 
of 50 ohms. My testing was done using 
the trailing wire switch position with a 
50 ohm dummy load and the transmitter 
loaded nicely using that setup. Naturally, 
I tried the other antenna switch positions 
and also tried inserting a tuner but I got 
the highest output with the trailing wire 
position and no tuner. 

My 75 meter dipole is resonant at 
about 3.9 MHz and the transmitter loads 
that antenna with essentially the same 
settings as the 50 ohm load. I have no 
plans to operate mobile (or aeronautical 
mobile) or portable with the AVT-112A 
and so have not done any testing with 
short or random wire antennas. 

The complete output power 
specification for the AVI-112A indicates 
that it will produce an output of six watts 
at 3105 KC into a 20 ohm resistive load. 
I checked the transmitter output at 
frequencies from just below 3 MHz to 
above 6 MHz and found that the output 
is between five and six watts over the 
entire range (with a 50 ohm load.) I also 
found that full output was possible up to 
7025 kHz, the maximum frequency at 
which the output tank would resonate. 

In further testing I found that when 
using a 3000 kHz crystal, which allows 
the transmitter to be tuned on both the 
fundamental and the second harmonic 
(6000 kHz), the output on the harmonic 
was only about three watts. I was only 
surprised fora moment because I realized 


that the PA is functioning as a doubler, 
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so the lower output is just what you 
would expect. The manual does not 
mention this drop in output power, 
probably because almost no users would 
have been able to measure the actual 
output and would not like learning that 
their six watt transmitter sometimes puts 
out only three watts. My first transmitter 
as a new Novice was a Heathkit DX-20. 
The DX-20 manual does indicate that 
the final doubles on 10 meters but likewise 
says nothing about lower power output. 
Sometimes it’s just as well for pilots (and 
new Novices) not to know the whole 
story! 
On-The-Air 

I have made only a few contacts with 
the AVT-112A, all but two of them 
prearranged. The reports I received were 
all variations on “not too strong, but 
good modulation”. Given the conditions 
om poemeters over the last* year" l* am 
fortunate to have been able to work 
anyone atall. Buddy Herring (WB4ARK) 
has done a bit better, using his AVT- 
112A occasionally on a 75 meter AM net 
in his area with contacts out to about 140 
miles. 

Manual 
I commented on the receiver portion 


of the “RCA Aircraft Communication ‘ 


Equipment” manual in my earlier AVR- 
20 article and the following comments 
are for the part of the manual that covers 
the AVT-112A. Although it has two 
Signal Corps contract dates it is not a 
military technical manual and would be 
better described as a “user” manual. 
The AVT-112A part is nine pages in 
length. The sections on installation, tune- 
up and operation of the transmitter 
provide sufficient information to get the 
transmitter installed and on the air. The 
section on tuning up the transmitter is 


quite detailed and does make interesting 
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reading. 

The technical description section has 
almost no discussion of the circuitry, 
mentioning only that the crystal oscillator 
stage is an untuned Pierce type and that 
as a result, the oscillator requires no 
adjustment of any kind when changing 
crystals. There is no discussion of the PA, 
modulator, or magic-eye circuitry. In the 
troubleshooting section there are parts- 
identification photographs, a schematic 
diagram and a parts list, but there are no 
voltage or resistance charts. 

The manual does offer these rather 
unhelpful hints for servicing the AVT- 
112A: “A study of the schematic diagram 
is necessary for intelligent service and 
maintenance of this equipment. By use 
of the schematic diagram and a resistance 
meter, open or shorted circuits can be 
quickly located. The tubes can be tested 
in any modern tube tester.” 

Anyone used to working with military 
technical manuals will be disappointed 
by the lack of detailed information to be 
found in this RCA manual. 

Power Supply 

The requirements for the AVT-112A 
are simple enough — the manual specifies 
6.3 volts at 2.25 amps (or 12.6 volts at 
1.2 amps) for the filaments and 110 mA 
at 320 volts for the B+. I built an AC 
supply supplying these voltages. One 
small complication is that DC is required 
for the internal antenna relay. I used a 
half wave rectifier and filter capacitor on 
the filament line to power the relay. 

A second complication is that the AVT- 
112A B+ must be switched off during 
receive. This is because the cathode of 
the oscillator stage is grounded directly 

[Editor's Note: See Breck Smith’s 
(K4CHE) fine article in ER #303, August 
2014, The RCA AVA-126A Power Supply, 


for complete restoration information. | 
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instead of going 
through the PTT 
switch, and failure to 
remove B+ from the 
transmitter will cause 
the oscillator stage to 
run continuously. | 
only figured this out 
during the initial 
testing of my power 
supply and had to 
retrofit a relay into it. 
This added relay is also 
controlled by the PTT 
switch and it un- 
grounds the center tap 
on the HV winding 
when in receive mode. 
I used a second set of 


CONTACTS TAEO 


relay 
rapidly discharge the 
supply 
electrolytics through a 
220 ohm resistor when 


power 


switching back to 


receive mode. Adding this resistor was 
necessary because I found that the 
oscillator will keep running until the B+ 
falls to around 7 volts, which took about 
4 seconds without the resistor (a lifetime 
when you are waiting for your receiver to 
unblock.) 

It would have been easy enough to 
unground the oscillator cathode and 
reroute it to the PTT switch, which would 
have eliminated the need for the relay, 
but I prefer leaving my vintage sets 
unmodified even when 
significant extra work as was the case 


it causes 


here. 
The “Silver Panel” AVT-112A 
John Link (W4HWT) came to the 
rescue of the silver panel transmitter and 
its homebrew power supply, much to my 
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Figure 9, The “Silver Panel” AVT-112: Note the push 
button in place of the Antenna Coupling control and the 
small toggle switch at the bottom of the panel in place of the 
mic connector. W4HWT has yet to determine the function 
of either but the push button is probably for spotting. 


relief. I had given the transmitter only a 
superficial examination and was 
interested to learn from John what 
modifications he found. Most obvious 
was that the variable part of the link 
coupling had been removed and the link 
glued into a fixed position. The audio 
transformers had been removed and 
replaced with a single small output 
transformer. On digging a little deeper, 
John found that one of the modulator 
6V6s had been rewired to place it in 
parallel with the PA 6V6. The other 
modulator 6V6 had been converted to an 
audio oscillator for use asa CW monitor. 
A typewritten note on the tuning chart 
listed the required input voltage and 
current requirements and indicated that 
the output power was 15 watts. 3 
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As of this writing 
John has not yet been 
able to get the AVT- 
112A working again so 
the jury is still out on 
how optimistic the 
previous owner's 15 
watt output figure is. 

A New-Old-Stock 
AVT-112A! 

Amazingly, Rick 
George (WOTREF) has 
a new-in-the box 
AVT-112A. sine 


transmitter is in as- 


original/ perfect 


hassis view of WOTRF’s new-old- 
an unused power cable stock AVT-112A shows the wiring of an AVT-112A as it 
as well as a packet of Jooked when it left the factory. The socket for the neon lamp 
mounting bracket is at the center right. The challenge of troubleshooting and 
hardware. Aninteresting parts replacement is clear - there are five tube sockets 
point about the underneath all of that wiring. 


os 


condition and includes . 


Figure 10: This unde 


transmitter is that there aredabs of blue sg. that gives a look at what the AVT- 


(not red) inspection lacquer on some, 112A looked like on the day it left the 
but notall, of the screw heads and soldered 


factory and Rick is lucky to have it. 
connections. This is a museum quality 


The box has two shipping labels, one 


AIR MATERIEL COMMAND 
“7p AE 910 CSD 
SAN ANTONIO AIR MATERIEL AREA 
KELLY AlR FORCE BASE 
SANVANTONIO, TEXAS, 


S1swal Poo 


(25 June 1948) 


SS a 


Figure 11: One of the two shipping labels on the box for WOTRF’s AVT-112 shows 


A date field on the other label appears to show “SEP 8 78” but it seems unlikely that 
it could be correct. 
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indicating that this 
transmitter was sent 


ion Kely Air | a _—— 


Force Base in San 
Antonio Texas to 
the army base at 
Fort Sheridan, 
Illinois. A date field 
on one of the tags is 
stamped “SEP 878” 


that is an 


improbably late 
date, while the other 
tag is labeled “AF 
FORMS. SON 25 
JUNE 1948.” The 
1978 date is late 
enough to make me 
wonder whether it 


could possibly be 


correct and provides an incentive to dig a 
little deeper. The question is after all this 
time, just where to dig! 
The Heath HT-4 

Thanks to Ray for pointing out this 
transmitter, which was written up in 
Electric Radio (reference 3) by Robert 
Nickels (W9RAN). As he wrote, the HT- 
4 appears to be a simplified and cost- 
reduced redesign of the AVT-112A. 

Ray’s comments to me on his own HT- 
4 reminded me of another RCA 
transmitter, the AVT-111, which I had 
run across while investigating the AVR- 
20. The AVT-111 is RCA’s own version 
of a lower cost/simplified AVT-112A 
which does use the same four 6V6s but 
lacks the magic eye tube circuitry and the 
elaborate output network of the AVT- 
112A. With its fewer controls and 
distinctive paint job, the front panel of 
the AVT-111 has more in common with 
the HT-4 than the AVT-112A. Either 
the AVT-111 or the AVT-112A could 


have been the inspiration for the HT-4; 
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3105 KC. FIXED 
— 3185 KC. 
Tae | 


Figure 12: The RCA AVT-111 is a cost-reduced and simplified 
transmitter related to the AVT-112A. As shown on the front 
panel, the transmitter uses a single fixed kHz 3105 crystal that 


can also be used on its second harmonic. (Photo Courtesy of 
Dave Stinson, AB5S) 


which of the two transmitters was actually 
used for the reverse engineering doesn’t 
really matter, but purchasing an AVT- 
111 for the re-engineering work would 
have had the advantage of saving Heath 
a few dollars of up-front cost. 

An interesting point about the HT-4 
transmitter is that the front panel includes 
the silk-screened marking: “OUTPUT — 
6 WATTS.” A few years later, when 
Heath started selling ham transmitter 
kits they were more cautious - for the 
DX-20 the only clue regarding actual 
output power was the suggestion in the 
manual that a 40 watt light bulb would 
be a suitable dummy load. The DX- 
100B manual did list RF output for both 
phone and CW, but this information was 
not silk-screened on the front panel! 

Two More Aircraft Transmitters: 

Collins and Harvey-Wells 

The Collins model 17D transmitter is 
a contemporary of the AVT-112A, butat 
the opposite end of the scale of aircraft 


transmitters. It is interesting to compare 
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Figure 13: The 1942 Harvey-Wells model AR-2A receiver and companion 0.5 watt 
transmitter were made for light aircraft. I have been unable to find the model 
number for the transmitter. 


the 17D, which was designed for the 
large commercial aircraft of the time (e.g., 
the DC-3) with the little AVT-112A. 
The 17D with its power supply weighs 
over one hundred pounds and has an 
output of 100 watts or 175 watts, 
depending on the variant. It was the first 
Collins transmitter to use the “Autotune” 
system and it featured 10 channels, any 
of which could be selected using a 
telephone type dial. Of course the 
Autotune mechanism was far more 
complex (and accurate) than the AVT- 
112A approach, but most of the light- 


planes that used the AVT-112A would 


have struggled to even take-off with a 
17D on board unless any passenger (or 
observer) were left behind. 

Although it was the basis for the ART- 
13, the 17D is an obscure transmitter 
about which little information is available 
beyond a 17D advertisement that 
appeared in May 1939 QST and is 
available on several web sites. The Morgan 
book (reference 1, page 151) is a good 
resource for details on the 17D that 
includes photographs, a schematic, and a 
step-by-step description of the operation 


of the autotune mechanism. 
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A number of manufacturers made 
transmitters and receivers for light planes 
and a few of them also made ham 
equipment. One such company is Harvey- 
Wells, which in 1942 marketed a 0.5 
watt transmitter paired with their model 
AR-2A receiver (reference 4.) Power for 
this equipment was furnished by a dry- 
cell battery pack. Either of these sets 
would be great hamfest finds. Harvey- 
Wells made at least one receiver for 
commercial aircraft and also made test 
fixtures to be used for type certification 
required by the Civil Aeronautics 
Authority. 

Final Comments 

Note that there is no provision for 
using the AVT-112 on CW. This is not 
a surprise for a transmitter designed to be 
used in a light plane. A common ham 
modification for the AVT-112 would 
have been to use it on CW although I 
never did it myself, partly out of concern 
for keying the rig through the modulation 
transformer which should be bypassed 
for operation on CW. This modification 
for would be very difficult given the dense 
wiring in the transmitter and in addition, 
I prefer to leave my vintage equipment in 
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unmodified/original condition whenever 
possible. 

After my AVR-20 article appeared I 
heard from Norm Chips (N3RZW) who 
had written the first (January 2000, #129) 
Electric Radio piece on this equipment. 
He had some additional information that 
I have paraphrased here. Norm got his 
first set of this equipment from Fair Radio 
in about 1954 for $35, acomplete package 
containing the receiver, transmitter, 
power supply, and RS-38 microphone. It 
ended up being installed in a Civil Air 
Patrol plane where transmitting and 
receiving were done on the CAP 
frequency of 4467.5 kHz using a short 
antenna that ran between the fin and the 
top of the cabin. This setup remained in 
service until the 1970s when it was 
replaced by Heathkit SSB equipment. 

Norm later got a second AVT-112A 
which he modified in an interesting way 
— he replaced the 6V6 PA with a 2E26 
because the 6V6 ran too hot for his liking. 
I was surprised that a 2E26 would actually 
fit so I had to try it for myself and indeed 
it does, with the plate cap well clear of the 
top of the cabinet. Finally, Norm found 
the remains of a couple of the transmitters 
in a trash pile next to a hangar at an 
Arizona glider training school. 

I also heard from Geoff Fors 
(WBONVH) who offered this tale about 
ferrying B-29s: 

“My grandmother was a riveter at 
Boeing in Everett, Washington during 
WWII. She told me that the aircraft were 
sent out with no radios or weapons 
installed. Those were installed at a 
different base. That they would strap a 
piece of plywood to the co-pilot seat, 
upon which was either a BC-1206 beacon 
receiver or a BC-1206 with an AVT- 
112A transmitter / AVA -28 power supply 


and string a wire antenna inside the 
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fuselage from front to rear, and this was 
what the ferry pilot would use. Most of 
the time there was nothing but the BC- 
1206 and ferry flights were in daylight.” 

The AVT-112A is a beautifully 
engineered transmitter that works well 
and looks good. It does not have a “pre- 
war” appearance and would fit right in 
with equipment manufactured twenty 
years later. Its “modern” appearance is 
especially evident if you compare the 
transmitter with the AVR-20, which does 
have a definite pre-war look. And finally, 
I admire the ingenuity of the mechanical 
and electrical design of both the receiver 
and transmitter and I really like their 
small size and light weight! 
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The Antique Wireless Association’s Linc Cundall 
Memorial CW Contest: January 2020 


By Joe Fell, W3GMS 

Here we go with our second major event for the AWA contest season, the Linc 
Cundall — W2LC formerly W2QY was co-founder of the AWA when it was formed 
back in 1952. Linc became a SK in 1985 and to honor him, the previous OT Contest 
was renamed to be called the Linc Cundall Memorial CW Contest by Bruce Kelly. 

This contest is designed to favor those using low power equipment constructed 
before 1950. You do not need to be an AWA member to participate and send in your 
event log. Sending in shack photos showing your vintage station used in the event is 
encouraged as well as any soapbox comments about the event. 

Dates: Wed. Jan. 08, @ 2300 GMT to Thu. Jan. 09, 2020 @ 2300 GMT and Sat. 
Jan. 11 @ 2300 GMT to Sun. Jan 12, 2020 @ 2300 GMT 

Bands: 160, 80 and 40 Meters 

Objective: Contact the greatest number of AWA members or participating stations 
using your 1950 or older gear. Frequencies: 1800 -1820, 3550 - 3580, 7100 - 7125 
kHz, +/- QRM. When calling CQ use “AWA AWA de W1GIG,” for example. On 
contact, exchange signal reports, the year of your equipment such as “T'X36” fora 1936 
transmitter and “RX 34” for a 1934 receiver. Send “MOD” for modern gear (after 
1950). Finally, send your Input Power such as “10W,” and your Name and State 
(Province or Country). High scorers should send in full details on equipment and 
station photos for publication. 

Rules: Further details can be found on the AWA web site located at: http:// 
www.antiquewireless.org/ Simply click on the “On Air” events and follow the link to 
the Linc Cundall Memorial CW Contest. 


This fine Bratongls what Gary Schauffler (W8KM) used during last year’s Linc 
Cundall event from Parma, MI. 
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An Antenna Coupler for Vintage Aircraft Transmitters 
Specifically Useful with the RCA AVT-112A 


By Ray Osterwald, NODMS 
Ray@ERmag.com 


The classic aircraft transmitters we are 
familiar with were typically designed to 
be used with wire antennas of different 
lengths, usually fixed or trailing styles. 
The RF amplifier and its output network 
will “see” a capacitive reactance of 20 
ohms or less that represents the wire 
antenna. This impedance makes it 
somewhat difficult to load with good 
efficiency into ham antennas that are 


usually resistive 50 ohm loads. The 
coupler in this short article is designed to 
overcome this problem; I have used it 
with my AVT-112A (shown on the cover 
of this issue) to work 5 states from an 80 
meter wire dipole in midwinter with 5 
watts out. It can be used with any vintage 
aircraft transmitter, even the ART-13, 
with suitable component adjustments for 
higher power levels. I used the transmitter 
on CW with a J-38 key at the rear panel’s 
metering jack, but it’s really not designed 
to be run that way. It is possible that B+ 


Figure 1: This is the top view of the aircraft transmitter’s antenna coupler, built into 


a recycled plastic project box. 
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Figure 2, The Coupler Schematic: C1 is 20-210 pF, C2 is 20-450 pF. L1 is 30 turns 
of an Air Dux coil, 1-1/8 inch OD, using #18 (.040”) bus wire at 10 turns-per-inch. 
It measures 7.9 pH total. Tap T1 is 2 turns from the cold end (.6 pH) and T2 is at 
4 turns from the cold end (1.2 pH). Cl is a butterfly capacitor, but it doesn’t need 
to be...it’s what I had in stock. It can be any other style with similar capacitance. 


transients could damage the modulation 
transformer, but I was using a Lambda 
regulated high voltage supply that may 
have helped prevent damage. 

Figure 1 is a photo of the coupler that’s 
built into a PacTec plastic box. The input 
is on the left side, output on the right, 
and the coil is supported on stiff #10 bus 
wire. I used vintage Eby terminals from 
the junk box at the input and output, 
they match the AVT-112A, and #10 bus 
wire is used to connect to the transmitter’s 
output terminals. I havea coaxial “pigtail” 


adapter (not shown) that converts to a 


SO-239 coaxial output. 

Figure 2: This coupler is a simple, 
basic design where the inductance acts as 
a two-winding RF autotransformer. The 
input variable, C1, is used for reactive 
compensation while C2 tunes the coil, 
providing some additional harmonic 
attenuation. It is quite efficient. With a 
250 volt B+ supply and a good 6V6 PA 
tube, I can get an honest 5 watts into the 
antenna, which is 10% higher than what 
the 6V6 data sheet shows. 

Figure 3 isa dummy load for setting up 
the transmitter, adapted from a Navy- 


designed load for the ART-13. I initially 
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120 pF 


4.7 ohms 


Figure 3: Dummy Load 


used the cap and resistor temporarily 
connected directly across the AVT’s 
output terminals, buta deluxe installation 
might include a thermocouple ammeter 
as shown, with the circuit being able to 
be switched in and out of the coupler. | 
use the transmitter on 3579 kc and once 
set up, wide frequency changes and 
retuning are not necessary. ER 
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Viking II Neutralization and Parasitic Chokes 


By Janis Carson, AB2RA 
61 Rothermich Rd. 
Ithaca, NY 14850 
AB2RA@htva.net 


The Viking II was the rig I dreamed 
about owning as a Novice operator back 
in 1959. When I upgraded to General, I 
was finally able to acquire one from Bill 
Rust, W2UNJ. That rig was lost to me 
during financial reverses. I finally was 
able to replace it, and am in the process of 
refurbishing it. I plan to share some of 
the information here as it unfolds. 

The Johnson Viking II was probably 
the best HF transmitter for AM and CW 
ever made. It covers nearly all frequencies 
from 1.8 Mc to 30 Mc continuously. The 
standard model covers 30 and 17 meters 
with no modifications. There was even 
the coveted CDC model Viking II that 
had no gaps in coverage, due to its 
intended use for Civil Defense. It is ideal 


for modern time CW operation on the 
WARC bands, assuming you have a 
crystal or feed the VFO input with the 
proper frequency. This is my vintage 
radio-of-choice, even over the Valiant. It 
employs WWII surplus parts and is built 
like a brick outhouse. It does not use 
some cheesy pi-network interstage 
coupling network. It is all parallel tuned 
in the driver. This avoids subharmonic 
problems. It has been popular for use as 
a pirate shortwave radio transmitter. It 
sounds terrible with the stock audio, 
which can be corrected inexpensively. 
There are many good Viking IJ articles 
in Electric Radio, but I do not recall 
seeing anything on neutralization. The 
6146 is a well screened tube that actually 
works without neutralization in most rigs, 
such as the Viking II, Ranger, HT-40, 
B&W 5100, DX-100 or the early Apache. 
Why bother with the extra circuit 
complexity? Under most conditions with 
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Figure 1: Viking II Neutralization Schematic 
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a low impedance antenna like a dipole, 
the final will not self oscillate near the 
intended frequency. With highly reactive 
loads, such as when adjusting an antenna 
tuner into open wire feeders, it may not 
be so happy. 


Neutralization stabilizes the grid 


current as the plate tuning is varied. This - 


becomes very troublesome on 20 meters 
and up, though in my rig it was clearly 
evident even on 40 meters. Grid tuning 
and drive adjustment required frequent 
touch up. My Viking I grid current 
swung above and below nominal by 2 
mA in both directions. The 6146 does 
not tolerate 4 mA or above, drive-per- 
tube, per the RCA specs, or the lifetime 
will be reduced. It is easy to exceed this 
during normal tuning and use without 
neutralization. After neutralization, the 


grid current shows a slight 0.5 mA peak 
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Figure 2: Photo of the Viking II Neutralization Components 


when the plate tuning is exactly at 
resonance. This makes QSY much easier, 
on a rig with a lot of knobs. 

Proper neutralization can be achieved 
with the addition of only 3 components, 
with minimal expense. Refer to figure 1 
schematic for the circuit. 

If you can find a 5-kv rated wide spaced 
capacitor of about 10 pF maximum fora 
reasonable price, you can do a nicer job 
than the one shown here. The neutralizing 
capacitor, CN*, can be fabricated from 5 
kV test probe wire, some insulated #14 
solid house wiring, and a piece of shrink 
sleeve. It mounts to C29, the plate tuning 
capacitor. Two solder lugs and nuts 
mount the 5 kV wire “gimmick” capacitor 
to C29. The shrink tube holds the #14 
building wire parallel to the 5 kV wire. 
There is no direct connection on this end 


of the #14 building wire. The free end of 
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the #14 wire solders to the 
topmost terminal on L5, as 
shown in figure 2. Increase 
then capacitances by 
moving the #14 wire closer to 
C29 stator rail. Reduce CN* 
capacitance by rotating it away 
fea mon (G29 
shortening it. Temporarily 
sliding the #14 wire out of the 
shrink sleeve will get you in 


Stator. OL 


the ball park for a lower value. 
Be sure to keep the exposed 
#14 wire end away from C29 
to avoid arcing on modulation 
peaks. 

The final B+ is lethal. The 
buffer is also at +350 VDC. 


Turn all power off when 
adjusting CN*! 

Proper adjustment can be 
approached by using the 
following rules: 

1. If grid current rises, as 


plate tuning goes HIGHER Figure 3: Detail of the New Component Locations 


in frequency, INCREASE 
GNF 

2. If grid current rises as plate tuning 
goes LOWER in frequency, REDUCE 
ch 

3. Ideal setting is a slight peak in grid 
current at plate tuning resonance. 

4. The goal is to reduce the excursion 
in grid current as the plate tuning is 
varied. 

The only other components necessary 
are a common 750-pF, 500-volt mica 
capacitor and a standard 2.5 mH RF 
choke. The C23 bypass capacitors in the 
6AQ5 buffer stage would be very difficult 
to access to change entirely. I simply 
lifted the ground end and inserted the 
new 750-pF, 500-volt mica capacitor, 
C*, in series. See Figure 3 for installation 


detail. You may have to disconnect one 
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end of certain components and swing 
some of the wiring out of the way to get 
access. The new RFC* choke is inserted 
in series with the existing VHF choke 
L20 on the B+ end. See Figure 4 for 
installation photo. 

What makes it work? 

The purpose of C* and RFC* is to raise 
the end of the grid tuning network above 
ground slightly to allow injection of 
inverse feed back of the proper phase 
around the RF final amplifier. The 
neutralizing capacitor will not work 
properly without this measure. Compare 
the schematic of the Johnson Valiant to 
verify this is the proper method, since 
this is exactly the same circuit. 

In an “old school” transmitter, either 


the grid circuit or the plate circuit would 
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Figure 4: Installing the new RFC Choke, see the text. 


use a balanced plug in coil (push-pull 
style) to provide the 180 degree phase 
shift for inverse feed back. The circuit 
shown in figure 1 is a modern variation 
that became popular to avoid the 
complexity of a push-pull style coil, which 
would have made band switching 
cumbersome. 
One Other Detail for Stability 


When working on vintage transmitters, 


I often find the resistor in the parasitic 


chokes on the finals are well out of 
tolerance. If they are too high, they can 
actually promote instability, especially 
on the higher bands. Disconnect the 6146 
plate caps. Unscrew the lug from C31 
and remove the parasitic choke assemblies 
from the transmitter. Carefully remove 
one end of the parasitic coil L11 or L12 
to isolate the resistor for testing. The 
resistor value used in the Viking II is 820 
ohms. This is not documented in the 
manual, I had to read it off the existing 


good resistors. This is a wide departure 
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from the common values of 47 or 100 
ohms in other rigs. If it measures within 
+20%, you can reassemble everything. 
To replace the resistor, use only non- 
inductive resistors like the original carbon 
composition ones, if you can find them. 
A modern replacement is the OX or OY 
style non inductive resistors available from 
Mouser. 

This simple inexpensive modification 
will enhance the stability of your Viking 
II, and make for quicker tune up and 
QSY. I hope to share other ideas as my 
restoration project unfolds. 

Reference Material to Explain 
Theory in Detail: 
1. http://www.w8ji.com/ 
neutralizing _amplifier.htm 
2. http://faculty.frostburg.edu/phys/ 
latta/ee/6146amp/6146amp.html 
3. www.navy-radio.com/manuals/ 


ssb_report.pdf 
ER 
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Re-Engineering the Plate Tank Coils in the 
Heathkit AT-1 Transmitter 


By Alan Victor, W4AMV 
Raleigh, NC 


avictor73@hotmail.com 


R&R, or repair and restore, may be a 
straightforward process with few surprises 
and an abundance of satisfaction in a job 
well done. However, when tasked with a 
device long overdue on TLC, burdened 
with rust and dirt and missing significant 
assemblies, it is a daunting task. No less 
than a historical dig uncovering 
prehistoric schematics and design 
techniques can lead to a surprising turn 
of events. Mine went from despair to 
“wow who would of thought of that!” 

Restoration of the Heathkit AT-1 
transmitter is an enjoyable experience. 
The AT-1 has historical significance as it 


represents Heathkit’s first product entry 
into the amateur radio market. The 
chassis component placement and layout 
are roomy and forgiving. However, 
depending on the condition of your new- 
old jewel, there can be some significant 
hurdles. 

My transmitter was a barnyard orphan, 
dusty, rusty, dirty, and missing some 
very key components! That said, however, 
three major components were present 
and in perfect operating condition. The 
original HV power transformer, filter 
choke, and plate/grid current meter were 
all present and functional. In addition, 
the discrete circuitry for the 6AG7 
oscillator and 6L6 power amplifier were 
in place. The oscillator tank coil and 
resonating capacitor were still hanging 


Figure 1: My AT-1 pictured in its as-received condition. 
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out together along with the band switch. 
Of course, all the tubes were absent and 
the HV power supply filter capacitors 
were blistered and leaking. However, the 
key click filter capacitor, after 70 years, 
was in perfect order, spot-on in value and 
nil leakage. The largest concern, and 
what would become an archeological dig, 
is the missing infamous link-coupled 
plate-tank networks. Where did they go? 
Why they were removed is a mystery! 
Perhaps the former owner desired to 
change the system to a PI network 
assembly or modify the AT-1 per the 
QST article of McCoy'. 

Basic restoration involved complete 
disassembly of the transmitter. The 
chassis was stripped clean of tube sockets, 
connecting circuits, oscillator, PA, and 
the rectifier and power supply. Much of 
the copper was in excellent shape. 
However, the rear chassis and top edge 
were heavily rusted and copper plate 
absent as rust had bubbled through. Bad 
areas were simply sanded lightly, masking 
off conductive copper plate, protected, 
and copper spray paint applied. The panel 
was in beautiful shape, no holes drilled, 
but was dirty with surface scratches. 
Simply washing the panel with soap and 
water and applying car wax removed all 


major scratches and restored the panel to 


original luster. HV capacitors were 
removed from their original wrapper and 
the wrapper reused to contain modern- 
dated electrolytic capacitors. A two-amp 
fuse was added and safety line voltage 
connections were made by routing the 
line through the fuse and power switch. 
The original two-wire cord was retained 
but polarized to correctly align the line 
and neutral conductors. 

The mystery plate tank is the major 
focus of this restoration journey. The 
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AT-1 manual has no documentation on 
the plate tank coils. Neither the 
inductance, number of turns, wire gauge, 
or properties of the link coupling are 
available. Fortunately pictures of the 
completed AT-1 were available. 
Furthermore, Ron (KBIUCR), who 
owned an AT-1, patiently made 
measurements of the form diameter, wire 
gauge and link coupling spacing. Winding 
dimensions, number of turns and shunt 
resonating output capacitance, 50 pF, all 
contributed to unraveling the mystery of 
the link coupling used in the AT-1. With 
this information in hand, the primary 
inductance could be determined, but this 
still left the link coupling to determine. 

The mutual inductance or the degree 
of coupling is key to maximizing the 
power output and efficiency of the 
transmitter. Hence, investigation into the 
design of the link-coupled, single-tuned 
transformer matching was pursued. 

Assistance in reverse engineering the 
plate tank is supported by an article by 
Marerca? where extensive treatment of 
inductively coupled circuits is presented. 
This paper, in conjunction with 
information gleaned from the AT-1 
manual and KB1UCR photos (see figure 
2), greatly assisted in unraveling the 
mystery. These physical measurements, 
turns, coil length, wire gauge, etc. 
provided a good starting point. Figure 3 
provides the table of physical 
measurements and the calculated 
inductances from the solenoid inductor 
equation. All plate tank forms were 1” 
OD. 

The Heathkit AT-1 uses link-coupling 
output between the 6L6 final and the 
antenna. In contrast to the PI match, 
link coupling has a limited range of 
adjustment in peaking the maximum 
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Figure 2: Picture of AT-1 Link Coupled Plate Tank, left original, top and right 


restoration 


Figure 3, Table of Plate Tank Physical and Electrical Parameters: The inch 


dimensions are the coil’s outside diameter and “CW” stands for “close wound.” 


power and efficiency from the tube final. 
The key in achieving peak performance 
is controlled by loading or impedance 
matching the tube properly and this is 
contingent on the degree of coupling. 
The link-coupled system used in the AT- 
1 is a single tuned transformer. Only the 
plate side of the transformer’s primary 
provides adjustment. Resonance on the 
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plate side is achieved with a 50 pF output 
variable capacitor that is in shunt with 
fixed capacitance across each plate coil 
per band. Therefore, the proper 
impedance match is only partly 
controlled. The remaining adjustments 
are fixed and include plate primary-and- 
link coil secondary inductance, link coil 
physical spacing, which controls coupling 
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from the primary, and the antenna 
impedance. Heathkit offered an antenna 
coupling unit, the AC-1 and this assisted 
in overcoming some of these restrictions 
as it included an additional matching 
system. However, the link coupled system 
would benefit if it had a tuned secondary. 
This was addressed in the McCoy paper." 
However, | was interested in keeping the 
AT-1 as original as possible. So, I would 
need to rebuild the link-coupled tank 
assembly. 

The proper tube load is governed by 
several factors including plate voltage, 
current, and operating class. The tube 
plate voltage and mode of operation are 
primarily considered first. The AT-1 
combines power amplification and 
frequency multiplication in the 6L6. 
Operating as a frequency doubler on 40 
and 20 meters would lead to slightly 
lower efficiency than 80 meters that 
requires no multiplication. An 
approximate efficiency is estimated at 
60% and the 6L6 nominal plate voltage 
is 400 V, key down. A reasonable estimate 
of the tube load is provided by the 


equation below. 


R fe Vplate 
plate 4 P, 


The value of P. is estimated from the 
nominal DC input voltage key-down and 
the AT-1 specified plate current, 80 mA. 
Assuming 60% efficiency, the AT-1 could 
be capable of 19 watts output. A factor 
for frequency doubling must be 
considered and an efficiency reduction 
to 50% would not be surprising. Using 


these values, R is in the range of 4.2 


plate 
ohms to ohms and I will show that these 
values are critical in setting the physical 
dimensions of the link coupled coil! 


I started with the 40-meter tank. The 
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coil inductance from _ physical 
measurements, from figure 3, using the 
solenoid equation, is 5.05 pH. The plate 
tank fixed C is 68 pF and is in parallel 
with a nominal C output of 25 pF and 
the 6L6 tube capacitance of 9 pF. This 
total C of 102 pF requires 4.9 pH at 7.1 
MHz for resonance. This is in good 
agreement of our calculation of the 
primary tank L based on physical coil 
measurements. If the plate Rp is 4.2k, 
then the plate tank Q,, is 18.8. I next 
need the nominal Q of the link side of the 
tank, Q.. The antenna port is 50 ohms 
and the link inductance from the table in 
figure 3 is 1.37 nH. Hence, the Q, value 
is 0.82. This is all I need to calculate the 
coupling coefficient, k, see reference 3. 


| 1+Q? | 
Q,(Qr + Q1) 


The nominal k found is 0.32 and this 
factor dictates the distance between the 
primary plate tank coil and the secondary 
link. Calculating this distance is possible 
using equation and tables from Grover’. 
However, the desire to duplicate the 
Heathkit physical tank as close as possible 
and measure seems imperative. Initial 
measurements of the 40 meter coil 
indicated achieving a “k” factor above 
0.25 was not easy. I was challenged to 
inctease the coupling factor. The 
proximity of the link to the plate tank 
needed to be moved closer. I suspect the 
original Heathkit coils may be slightly 
under coupled as well. 

How sensitive is the k factor influence 
on presenting the correct load to the 
6LG? Finding the answer simply involved 
building the circuit into a simulator and 


varying k. The results are eye opening 
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Figure 4: Plate Load Resistance vs. k Coupling for 40 Meters 


and demonstrated the sensitivity of the 
match to link-coupled coil construction. 
In figure 4 the coupling factor is varied 
from 0.1 to 0.5 and the tube plate load 
resistance is displayed at 7.1 MHz at the 
markers. The sweet spot is clear, a larger 
k factor of 0.35 to 0.4 was desirable. 

Achieving k values in this range 
required interlacing at least one turn of 
the link with the primary. This 
arrangement permitted k values above 
0.3. At this point, the attribute of the 
AC-1 Heathkit antenna coupler became 
apparent. The antenna coupler provided 
an impedance match between the antenna 
and the AT-1. This arrangement would 
increase the resistance load at the link 
coupled port and would compensate for 
a slightly under coupled transformer 
match! 

A further surprise surfaced in the 
investigation of the construction of the 
linked coils. As noted by KBI1UCR, the 
plate tank side of the coil faces the link 
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side of the antenna port. In other words, 
the link is not located at the “cold” side 
of the plate tank coil. Such an 
arrangement produces a transformer 
action with no phase shift of the output 
voltage at the antenna port with respect 
to the input voltage at the grid of the 
6L6. Was this a deliberate action taken 
by the Heathkit engineers to minimize 
any instability in the 6L6 power amplifier? 
I constructed the 40-meter coil exactly 
opposite to the Heathkit arrangement 
while preserving their layout for the 80 
and 20-meter bands, see figure 5. As 
well, I constructed the 40-meter coil just 
the opposite; hot side of coil aligned with 
the cold side of the link. Such an 
arrangement would producea 180-degree 
phase shift. No difference in transmitter 
performance was noted. 

The performance of the AT-1 proved 
its merits. This simple design with some 
subtle complications such as frequency 
doubling and link coupled transformer 
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matching provided an 
output power of 12- 
to-16 watts and a joy 
to restore. An im- 
proved understanding 
of the link coupled 
plate tank provides a 
tool for adding new 
tricks to an old jewel. 
Appendix: 
Measurement of Link 
Coupled 
Tuned Transformers 

The self-inductance 
of each coil is measured 


Single 


at the operation band 
frequency. Resonate 
the primary first with 
the link side open 
circuit. Measure the 
resonant frequency, Fo 
with a grid dip 
oscillator (GDO). 
Then short circuit the 
link and re measure the 
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The Marconi Flexible Receiver 


By Ray Robinson, VK2NO 
Sidney, NSW Australia 


robinson@tuberadio.com 


Introduction 

The Flexible Receiver was made by 
M.W.T.Co in 1914. It was used with 
several spark transmitters, and also as a 
stand-alone receiver. It covers the 
frequency range in two ranges, 250-800 
meters and 500-1330 meters (1200-375 
kHz and 600-225 kHz). It uses two 
carborundum crystal detectors, with a 
DC battery bias, set by a potentiometer. 
It is 12.25 inches by 15 inches by 5.5 
inches, and weighs 11 pounds. 

Table 1 shows the spark transmitters 
that used the Flexible Receiver. There 
were about 167 pack sets manufactured. 


models used a “Fleming” valve as the 
detector. This was mounted in place of 
one of the crystal detectors. The bias 
supply and potentiometer was used as 
the filament supply. The Commutator 
receiver was similar to this receiver but 
has an intermediate tuned circuit. 
Mechanical Design 
The receiver consists of a black ebonite 
panel, mounted on a wooden frame. Most 
of the components are on the front. On 
the back are two coils, a varicoupler, and 
the wiring. The heavy black wires are 
soldered to large bolts and screws. All the 
external connections are made to 
terminals on the front of the panel. 
Electrical Design 
The design is a simple crystal set. It 


does however, have several variations and 


Six .5 kW sets were 
built by Marconi in 
London in 1915 and 
sent to Australia for use 
in the First World War. 
In. #916 sthey, were 
loaded for dispatch to 
Mesopotamia and 
Persia. They were also 
used at Gallipoli. 
Some previous 
model Marconi 
receivers had two 
potentiometers, so that 
each crystal could be 
adjusted individually, 
then the 


combined, to reduce 


outputs 


atmospheric noise. 
This was called “crystal 


balancing”. Some later 


Figure 1: The Marconi Flexible Receiver 
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Table 1: Spark Transmitters Using the Flexible Receiver 


can have possible additions, including 
allowances for external attachments. I 
obtained several circuits, and every circuit 
was slightly different, but they were 
basically variations of the same design. | 
traced out the circuit of this receiver. It 
was different to all of them, but included 
portions of the many different circuits. 
This is the closest circuit I could find. 
There are two differences: the contact in 
series with the aerial is not fitted and the 
choke from the aerial condenser to earth 
is not fitted. 

The Flexible Receiver can be broadly 
divided into three sections. The Aerial 
matching circuit, the tuning circuit, and 
the detector circuit. 

The input circuit goes from the Aerial 
terminal to a multi-tapped inductor. This 


Rs 


Figure 2: Flexible Receiver, Rear View 
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has several taps which can be selected by 
the Aerial Tuning Inductance switch. 
This inductor then goes to the Aerial 
Tuning Condenser . These form a series 
matching circuit. The bottom of this 
condenser then connects to a varicoupler 
labeled Intensifier. The bottom of the 
varicoupler goes to two external terminals 
witha shorting bar. It is labeled Magnetic 
Detector. This allows an external detector 
to be used if desired. It then goes to the 
Earth terminal. Next to the terminal is a 
small adjustable gap, with a thumb wheel 
screw. [This is wired between the aerial 
and earth terminals. It is a spark gap. It 
can be adjusted to protect the input 
circuit, when the receiver is used with a 
high powered spark transmitter. 

The input circuit is designed to match 


Figure 3: Aerial Condenser 
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the aerial to the tuning circuit, so it has a 
wide range of adjustments. The Aerial 
Tuning Inductance switch, has 19 taps 
(every 5 turns). Italso has an Off position. 
The Aerial Tuning Condenser 1s 
calibrated 0-9. It also has a “Short” 
position, which bypasses the condenser 
from the circuit. The varicoupler is labeled 
Intensifier and is calibrated 0-9. It rotates 
through 90 degrees and provides 
minimum or maximum coupling to the 
main tuning coil. 

The tuning circuit consists of a large 
diameter coil on the back of the panel. It 
is tuned by sliding the “Billi” condenser 
on the front of the panel. The variometer 
is mounted halfway into this coil, and 
can rotate using the Intensifier knob. 
The coil has two secondary windings, 
and they are used individually or as a 
series pair, to produce the two frequency 


ranges. The range switch is a lever switch 


Figure 4: Tapped Aerial Inductor 
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Figure 5: Main Tuning Coil 


that selects one winding, or connects 
both the windings in series. 

The detector circuit uses two crystal 
detectors on this receiver. They each can 
hold a carborundum crystal. Each crystal 
detector holder can be rotated, to reverse 
the crystal. It has a detent, so that the 
connection position is distinct. Between 
the two detents, the crystal is not in 
circuit, so is turned off. An external 
detector can be connected, and this 
receiver has an OA91 germanium diode 
screwed to the two terminals. This is a 


modern component and it was useful to 
compare the detector performance. A 


Figure 6: Billi Condensor 
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switch is used to select either crystal, or 
the external detector. Additionally, a 
magnetic detector may be connected. So 
there is the provision to select four 
possible detectors. 

The headphones (telephones) are 
connected to T1 and T2 terminals. There 
are four terminals. If the headphones are 
a normal high impedance type and wired 
in series, then T1 and T2 are used. If they 
are individual earpieces with separate 
wires, then the other two terminals (joined 
by a link) can be used. If low impedance 
headphones are used, an external 
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Figure 8: Telephone Terminals and 
Crystal Switch 
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Figure 7: Detector Holders 
(the left is off, the right 


detector is in circuit) 


transformer can be connected. 
An audio amplifier can also be 
connected here if required. 

A crystal bias battery can be 
connected between the KEY 
terminal and the T2 terminal. 
This is normally a 1.5 VDC 
cell. The potentiometer is used 
UB to set the bias, by listening to 
the received signal. If there is no 
appropriate signal, then a buzzer can be 
used, to provide a signal, as it generates a 
wide band noise signal. 

Restoration 

This particular example had been 
restored by a previous owner. It was in 
extremely good condition and appeared 
to be complete. The circuit was traced 
out and compared to the original Marconi 
circuit. These drawings were called 
“Practical” (a wiring diagram) and 
“theoretical” (a schematic diagram) by 
the Marconi engineers. There seemed to 
be many variations, and there were many 
differences, and no circuit corresponded 
exactly to this example. It appeared as 
though this receiver included several 
sections of the existing Marconi circuits. 
This was surprising, as there are so few 
components, it would appear that there 
would be few possibilities for rearranging 
things. It also appeared that the range 
change lever switch was not original. The 
Billi tuning capacitor only had one 
frequency scale on the left hand side. On 
the other side, the frequency scale and 
pointer were not present, and it appeared 
as though they had never been fitted. 

The aerial inductor was checked on the 
Q meter and it had a reasonable Q over 
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the frequency range. The aerial switch 
rotated correctly, but a few positions 
were intermittent. The contact spring 
was retensioned until it worked properly. 

The aerial condenser was seized and 
had a broken knob. It has many vanes 
and discs. Each layer had two fixed zinc 
vanes, and two rotating zinc vanes in 
each layer. There were 28 layers. The 
ebonite dielectric separators were cleaned 
and the vanes were cleaned. The knob 
was fixed and it was assembled dry 
(without lubrication). The rotation was 
smooth, and firm. 

The value was checked and the results 
plotted. The capacity varied from 700 pF 
to 13000 pF, ina linear fashion, which is 
quite a high value. 

The spark gap across the aerial and 
earth terminals was measured at 1 pF. 

The Billi tuning capacitor appeared to 
be tuning only a very small range of the 
marked frequency scale. The capacitance 
value was checked with an LCR BRIDGE 
to determine its range (Marconi model 
TF2700). This was only about 5 pF to 35 
pF for the total travel, and exponential at 
the top end. This capacity was too small 
for the indicated frequency range. It was 
disassembled, and all seemed to be correct. 
However, it was noticed that the external 
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sliding tubes were covering the inside 
metal bars for most of the travel, as they 
were connected to the earth end, as was 
the slider. The internal bars were reversed, 
so that there was no coverage at the 
bottom, then complete coverage at the 
top end. The maximum capacitance was 
now 250 pF, and it varied linearly from 
20 pF to 250 pF. It now tuned the correct 
frequency range. , 

The main tuning coil was checked on 
a Q Meter (HP model 4342A) and 
appeared to have a reasonable Q over the 
frequency range. It had been rewound 
very nicely using green double cotton 
covered wire. The results are shown in 
table 2, right hand column. 

There were two crystals, each in its 
own holder. The crystal was a piece of 
carborundum held in spring clip. Each 
holder could rotate through 360 degrees, 
and click in at two positions. Thus the 
crystal could be turned off, or switched 
into circuit in two positions, forward and 
reverse. Each crystal holder could do 
this. One holder was very stiff, and had 
no definite positive detent position. It 
was removed and cleaned, and the spring 
contacts stiffened. It now rotated 
smoothly and the detent operated 


properly. 
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long wire aerial was 
connected to the Aerial 
and Earth terminals. A 
bench power supply 
was connected to the 
Key and T2 terminals. 
It was set to 1.5 volts 
DC. 

The potentiometer 
was adjusted till the 
received signal was 


—— ae 


Figure 11: Testing the Q of the Coil 


_ The potentiometer is a 400 ohm wire 
wound linear control. It is used to provide 
a bias for the crystal. It was working 
properly, but the wiring was not quite 
right. It was rewired, so that it now 
provided a variable voltage to the crystal. 
Performance 

The receiver was not working very well, 
until the Billi capacitor was fixed, and 
the bias control was rewired. 

Some Browns high impedance 
headphones of the correct period were 
connected across T1 and T2 terminals. A 
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loudest. The bias was 
about 0.8 volts for each 
of the crystals, and 
each crystal was tried 
The 
germanium diode was 
switched in, and the 
voltage was adjusted 
for 0.03 volts, to give 
the loudest signal. All 
this was done by ear. 

The local . AM 


broadcast radio station 


in rele ae 


was so powerful, that 
if, uswamped) othe 
receiver, and it was 
difficult to tune in any 
other stations. The 
tuning was extremely 
broad, and there 
appeared to be only one station, with a 
second softer one in the background. 
This was across the entire tuning range. 

To measure the performance, the long 
wire aerial was disconnected, and some 
test equipment was used. A signal 
generator was connected to the Aerial 
terminal, (R&S CMT) to provide an AM 
signal. An output meter (HP 3400A) was 
connected to Tl and T2 across the 
headphones, to measure the audio voltage 
output. The signal generator was tuned 
across the frequency range, and audio 
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Table 2: Receiver Sensitivity 


output levels were recorded. The normal 
methods used for communications 
receiver testing were used, even though 
this receiver was intended for receiving 
spark transmissions. The test signal used 
was an amplitude modulated signal of 
1000 Hz at 30% modulation depth. The 
signal level was recorded for a 10 dB 
signal-plus-noise-to-noise (abbreviated to 
S/N). The output meter gave good results 
for the germanium diode. It gave strange 
results for the carborundum crystal. 
While the loudest headphone level 
corresponded to the maximum level meter 
reading, this was not the case with the 
crystal. There was measured output at 
the maximum level heard in the 
headphones, but there was also measured 
output at one end of the frequency range, 
even though I could not hear the audio! 
An oscilloscope showed noise as well as 
the audio. After chasing the interference 
and turning off everything I could on the 
test bench, it was still there, but reduced 
a little. Upon examination of the 
interference, it proved to be worse at one 
end of the tuned frequency range. 
Looking closer, it turned out to be the 
carrier frequency from the signal 
generator. Even though I could not hear 
it through the headphones, the level meter 
showed it, because it had a better 
frequency response. I looked at the circuit, 
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and realized there was no capacitor across 
the headphones. A capacitor substitution 
box was connected across the headphones 
(Heathkit model IN-47) and a 0.0068 
ufd capacitor was found to be best for a 
1000 Hz modulation, and 0.015 pfd for 
600 Hz modulation. The audio signal on 
the oscilloscope was now very clean, and 
the level meter responded as it should. 
Some of the circuits for the receiver 
showed a capacitor fitted, but only those 
that used an output transformer. Possibly, 
as the receiver was designed for spark 
reception, and using headphones, then a 
capacitor would not be required in most 
cases. The levels were recorded and shown 
in table 2. 

The germanium diode gave the best 
sensitivity of 1.4 mV for 10 dB S/N and 
was reliable. The carborundum crystal 
gave a best sensitivity of 2.1 mV for 10 
dB S/N, but its level was often variable, 
and it was difficult to repeat the readings. 

Crystal Characteristics 

A load resistor of 1K ohms was 
connected instead of the headphones. A 
voltmeter and microamp meter measured 
the applied voltage and resulting current. 
The measurements were recorded and 
the detector characteristic curves were 
plotted on a graph. The Germanium 
diode gave a very good response 
characteristic, with the expected front to 
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Figure 12: Carborundum Detectors 


back ratio. The carborundum gave an 
almost symmetrical curve, with a poor 
front to back ratio. Dowset (p.123) talks 
about a front to back ratio of about 40 
occurring at 2 volts. This crystal was not 
as good as this. He goes on to talk about 
the slope of the curve, and that the 
“change of slope” is more important for 
detection. This occurs at about 0.8 volts 
on this graph. It was at this point that 
the carborundum crystal gave the loudest 
signal. 

The crystal was mounted in a metal 
slug. It appeared to have been molded in 
molten metal or solder. This fitted into 
the cup on the detector holder. The 
metal provided one contact, and the 
spring pressed against the exposed 


crystal. There were two different types 


‘of mounting. 
Balanced Crystals 

The two crystal holders allow two 
crystals to be used, to ensure reliability 
and to select the best crystal available. 
Some receiver models had two 
potentiometers, so that the crystals could 
have the bias set individually. It allowed 
both crystals to be used in circuit, and 
adjusted for minimum atmospheric 
noise. This was called balancing. 

. Conclusion 

The Flexible receiver is an interesting 
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and good looking radio. It performs well 
when using the germanium diode, but the 
carborundum crystal requires a little 
manipulation. It is difficult to find 
information on the receiver, and the few 
books discovered show the rapid progress 
in the art of radio in this period. The 
number of different permutations of the 
reflect “the 
experimentation, and progress occurring. 
Terminology 

The language used in this period is 

slightly different from what we use in 


design also testing, 


electronics today. 

Meters: The tuning capacitor is 
calibrated in Meters, not Megahertz. Short 
waves are referred to as being in the range 
beyond 300 meters. 

Condenser: The capacitors are called 
“condensers,” even though their size is 
referred to as capacity. This term is 
engraved on the aerial tuning knob. In 
1915, (Hawkhead and Dowset) Chapter 
X goes into the theory of condensers and 
discusses the capacity of the Leyden jar. 
This older term of capacity (jars) can be 
divided by 900,000 to get capacity in 
microfarads. One jar has a capacity of 
1,000 cms, which is 1,111 pF. Some years 
later, (Dowset) Chapter II shows two 
different variable capacitors, the older 
type and the newer type. The newer 
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variable air condenser is the common 
type that we are familiar with. This has 
movable semicircular vanes and an air 
dielectric, and the text talks about the 
maximum capacity being .00005 pFd 
(this is 50 pF). This indicates that this 
was used in the short wave frequency 
spectrum (above 300 meters). It also 
shows the older type which is called a 
Variable Ebonite Disc Condenser, which 
uses thin circular ebonite sheet as the 
dielectric. It uses 2 fixed zinc vanes, and 
2 movable vanes, and many layers. It also 
has a spark gap to protect the capacitor. 
The text talks about the maximum 
capacity being 10,000 cms. This 
calculates to 11,000 pF. This indicates 
that this was used in the long wave 
frequency spectrum. 

Jigger: This is a variable coupler in an 
RF transformer. It may be a sliding 
coupling, or a hinged coupler, or a 
variometer. [he RF transformer is often 
part of the resonant circuit. 

Oscillatory Circuit: The tuned resonant 
circuit is referred to as an “oscillatory 
circuit’. Not because it oscillates, but 
because it can be tuned to a specific 
frequency to receive those signals. 

Magnetic Detector: This uses a moving 
soft iron wire, driven by a clockwork 
motor. The shorting link on the front 
panel, allows connection of an external 
detector of this type, which was referred 
to as a “Maggy.” 

Telephones: Headphones are referred 
to as “Telephones.” 

Billi: This was the main tuning 
capacitor and consisted of metal tubes 
sliding on an ebonite tube. This receiver 
is operated by pushing the slider, up and 
down. The maximum capacity is .00045 
uFd (which is 450 pF). A diagram in 
Hawkhead and Dowset, shows a line 
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drawing of a newer model Billi using a 
rotary knob that drives a rack and pinion. 
There is also a flexible connecting wire, 
rather than a sliding contact. 

Note Magnifier: This is an audio 
amplifier. . 
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The Greater Cincinnati ARA 160 meter 
1936 net will hold its annual AM night 
on Thursday, December 26, 2019. The 
net is normally conducted each Thursday 
at 9PM EST in LSB but on the last 
Thursday of the year we switch to AM. 
The official start time is 9PM EST, 
however on AM night a pre-list of check- 
ins will be taken starting at 6:30PM 
EST. The frequency will be 1936 kHz as 
usual. The net, founded in 1936 and 
revitalized in 1986 on the 50th 
anniversary of the GCARA, is one of the 
oldest nets in the country. AM rigs of 
every vintage and description are 
welcome. Please join us December 26th 
for some “gud ole” 160 meter Angel 
Music! 
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The Major Innovators in Amateur Radio 
Technology Development 


By George Misic, KE8RN 
1936 Duncan Avenue 
Allison Park, PA 15101 
ke8rn@comcast.net 


Introduction 

There have been several major names 
in the history of the development of the 
technology applied to amateur radio 
products. This summary seeks to list the 
innovators and technology advances that 
applied quite directly to amateur radio; I 
will not include more general leaps in 
technology such as when Bell Telephone 
Laboratories invented the transistor in 
1947 and 1948. If I miss anyone, feel 
free to contact me at my email above , as 
I may not be aware of everyone who 
should be included. 

Oscar Hammarlund and the 
Hammarlund Manufacturing 
Company 

Probably the earliest innovator with a 
substantial relationship to amateur radio 
was Oscar Hammarlund who, in 1910, 
started the Hammarlund Radio 
Company that started manufacturing AM 
radios and radio parts, specializing in air 


variable capacitors. Hammarlund’s big | 


move into the amateur radio marketplace 
started in 1931 with the release of the 
Comet shortwave receivers, which lead 
to the Comet Pro and the first Super Pro 
short wave listening (SWL) receivers, 
starting in 1937 with the SP-110 band- 
switching superheterodyne receiver that 
was sold mostly to military and 
government accounts. 

In 1938, Hammarlund introduced the 
soon-to-be very popular HQ-120 band- 
switching superheterodyne receiver with 
amateur radio bandspread; most of the 
future Hammarlund receivers were 
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related to the HQ-120. 

Hammarlund was an_ active 
manufacturer that began to run in to 
difficulties in the late 1960s when many 
of the old guard radio manufacturers 
supplying the amateur radio and SWL 
markets began to have difficulties. They 
introduced a solid-state (and very good) 
amateur band receiver, the HQ-215, in 
1968 along with the HQ-200 vacuum 
fubcueeenctal gegyetdge. TeCeiver: 
Hammarlund survived making receivers 
until 1972; they were owned by Giannini 
Scientific Company from 1962 to 1968, 
Electronic Assistance Company from 
1970 to 1971 and Pax Manufacturing 
Corporation from 1972 on. Pax also 
purchased Gonset from Young Spring 
and Wire Company; Pax supplied parts 
for both companies for many years. 

The National Radio Company of 

Massachusetts 

National Corporation started in 1914 
as National Toy Company; in 1916 they 
became the National Company to better 
fit their varied product line. James Millen 
became a driving force in the engineering 
aspect of the company; by 1933, Millen 
and the National team created the SW-3, 
a three tube radio covering 3000 to 9 
meters with optional bandspread coils 
for 160, 80/75, 40, 20, 11, and 10 meters. 
The SW-3 was followed by the SW-5, a 
better radio that was also designed by 
James Millen and National. They 
produced the FB-7, AGS, and HRO 
families of radios that spanned the mid- 
1930s to the early 1980s. National had 
many major successes, but ultimately 
failed and was liquidated in the 1980s. 

Starting in the 1930s, National, with 
designs by James Millen, developed the 
HRO family of receivers from the earlier 
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well known and respected AGS family of 
receivers. AGS stood for Air, Ground, 
and Sea, the markets the receiver 
addressed. In 1949, National moved the 
power supply and audio output 
transformer inside the receiver with the 
model HRO-50. In 1952, the HRO-60 
first used double conversion to get much 
better image rejection due to the use of a 
higher frequency first IF. The model 
HRO-60 stayed in the National product 
line for a very long time, until 1964, 
when it was replaced by the solid state 
and very advanced HRO-500 that read 
frequency to less than 1 kHz from 5.0 to 
30,000.0 kHz (30.0 MHz). It was built 
with plug-in germanium transistors; a 
very fine receiver. 

Art Collins and the Collins Radio 

Company 

Art Collins started building CW 
transmitters in the basement of his house 
in Cedar Rapids, Iowa, in 1931. He 
advertised the transmitters in QST 
magazine and found a market for them 
that allowed him to move to a facility in 
downtown Cedar Rapids; when they 
moved in 1933 he changed the name to 
4? Electric Radio #367 


its final form, the Collins Radio 
Company. Collins became a respected 
supplier of radio equipment to many 
users leveraged by the publicity Collins 
received as the radio supplier to Admiral 
Byrd for his expedition to the North 
Pole. Collins made many broadcast radio 
transmitters, and transmitters for police, 
fire departments, and other government 
and military users. 

Their first major contribution to 
receiver technology came in 1946 with 
the Collins 75A and 75A-1 receivers. 
They were the first receivers to employ a 
crystal controlled first conversion and a 
tunable first intermediate frequency (IF) 
with dual conversion, which was also 
quite new. Also used with the tunable IF 
by Collins was the quite stable and linear 
permeability tuned oscillator, which 
Collins invented and trademarked as the 
PTO. Collins began to use the PTO in 
most of their new products such as their 
first CW and AM amateur transmitter, 
the 32V-1, having a built-in VFO. 

By 1952 Collins had invented the 
mechanical filter, which could provide a 
shaped passband with very steep sides 
and a passband width of 500 Hz to 8.0 
kHz at an IF frequency of 200 kHz to 
500 kHz. Collins used them for selectivity 
in receivers and for SSB generation in 
transmitters and both in transceivers. 

The next major Collins concept, the 
SSB-CW transceiver, burst on the 
marketplace in 1957 with the KWM-1 
transceiver. I can find no true transceivers 
operating on the bands below 10 meters 
before the historic KWM-1 in 1957. The 
KWM.-1 also used the crystal controlled 
first conversion, the tunable IF, dual 
conversion, the mechanical filter, and 
the transceiver that automatically 
transmitted on the frequency being 
received. 

Collins had one more 


breakthrough left for a 


major 


1958 
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introduction: the ability of a separate 
receiver and transmitter to transceive with 
both units operating on the same 
frequency with the S-Line consisting of 
the 75S-1 receiver and 32S-1 transmitter. 
The receiver controlled the frequency of 
both units when transceiving; flipping a 
switch on the transmitter allowed each 
unit to control it own frequency when 
needed for working DX operating outside 
of the USA phone band segment. All of 
the Collins ideas were widely copied by 
other manufacturers, domestic, English, 
and the Japanese. 

Bill Halligan and the Hallicrafters 

Company 

Bill Halligan started the Hallicrafters 
Company in 1932 and by 1934 was 
producing SWL and communications 
receivers for amateur radio. He soon 
moved to superheterodyne receivers, in 
the mid 1930s, and became a major 
supplier of radio equipment during 
WWII. Their first major contribution to 
amateur radio technology after WWII 
came in 1951 with the model S-76, the 
first receiver to achieve very good 
selectivity using conventional inductive 
and capacitive components by using a 
low frequency second IF of 50 kHz. This 
was before the Collins invention of the 
mechanical filter in 1952, and before the 


use of a crystal lattice filter in amateur. 


radio equipment, using from four to 
sixteen crystals in a lattice to provide 
shaped selectivity like the mechanical 
filter did. Prior to 1951, only a single 
crystal filter was available to provide 
selectivity for IF passbands in amateur 
radio and SWL equipment; the single 
crystal could forma notch in the passband 
or help with selectivity, but prior to the 
lattice filter and mechanical filters, a 
shaped passband with step sides and a 
relatively flat passband was not available. 

Hallicrafters is the first amateur radio 
equipment manufacturer that I can find 
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that used a crystal lattice filter ina product 
for amateur radio with their first SSB 
capable transmitter, the model HT-30, 
in 1954. Hallicrafters followed up the 
HT-30 in 1957 with the HT-32 SSB- 
CW-AM transmitter. By 1963, 
Hallicrafters had copied the Collins idea 
ofan SSB-CW transceiver with the model 
SR-150 transceiver using a crystal lattice 
filter for selectivity and SSB generation. 
Faust Gonsett founded Gonset 
Company in the Early 1950s and 
SBE in 1961. 

Faust Gonset and his father started 
Gonset Company in the early 1950s; 
Faust took them into manufacturing 
amateur radio transmitter-receivers for 
VHE and other devices by 1952, which 
soon became their major products. None 
of the early Gonset products were true 
transceivers because they did not transmit 
on the receive frequency. The Clegg Thor 
VI was the only AM true transceiver that 
transmitter on the receive frequency when 
in the VEO position. 

Gonset became a division of Young 
Spring and Wire Company in 1957. In 
1960, they made the only AM 
transmitter-receiver (not a _ true 
transceiver because it did not 
automatically transmit on the receive 
frequency) with their model G-76 
covering 80/75 to 6 meters; the G-76 
had an internal VFO for all bands but six 
meters which only used crystal control. 

In 1962, SideBand Engineers (SBE) of 
Rancho Santa Fe, California, released 
the SSB transceiver model SB-33 for sale. 
The unit was largely solid state using 19 
germanium transistors, a Collins 
mechanical filter, three tubes in the 
transmitter, a 12DQ7 driver, and two 
27GB5/PL-500 final amplifiers. The SB- 
33 was full of very cleverly designed 
circuitry including a means to select 
sidebands with ZERO carrier shift and 


bidirectional circuitry that used most 
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stages twice, once in transmit and once in 
receive but biasing on the transistors in 
the direction needed. 

In 1963, Webster Manufacturing 
Company bought SBE. Raytheon bought 
the company in 1967, not to become an 
amateur radio manufacturer, but either 
to secure their patent portfolio or to gain 
the engineering talent of Faust Gonsett, 
or probably both. 

Heathkit does very well in amateur 
radio for about 30 years. 

Heathkit got serious about amateur 
radio in 1952. Howard Anthony ran the 
Heathkit Company after WWII, and 
started in the kit business in 1947 with 
test equipment originally. In 1951, Gene 
Friebich, the head of Heathkit 
engineering, hired a ham with no 
engineering degree but much talent and 
confidence. In 1952, Roger Mace and 
the Heathkit team developed the AT-1 
transmitter kit, selling for $29.50. The 
transmitter covered 80/75 to 10 meters, 
had provisions to add a modulator and 
VFO, and used a single bandswitch to 
change bands. It came out about the 
same time as the new Novice Class 
beginner’s license. The transmitter was 
an immediate success; Heathkit was 
launched as an amateur radio supplier; 
success lasted into the 1970s and beyond 
with some products. 

Heath scored another home run with 
the DX-100 AM-CW 80/75 to 10 meter 
transmitter in 1955. Shorty after the 
success of the DX-100, Heathkit had 
enough confidence in the amateur radio 
market to embark on a major quests in 
amateur radio and attempt to copy the 
entire Collins amateur radio product line 
including the S-Line and KWM-2. Their 
S-Line copy receiver and transmitter 
could transceive. Heathkit copied the 
Collins S-Line and KWM-2 transceiver 
with a family of look-alike and work- 
alike kits at a much lower price. Heath 


44 Electric Radio #367 


started to work on the SB-Line in 1958; 
Al Robertson, Joe Shafer, and Roger Mace 
set off to copy the Collins S-Line and 
KWM-2 in kit form for about one-third 
the price of the Collins products. 

The plan was ultimately approved and 
moved forward, starting with a family of 
products that built upon a number of 
ideas laid out by the engineering team at 
Heathkit led by Al Robertson, Joe Shaffer, 
and Roger Mace under the guidance and 
approval of Gene Fiebich. Heathkit 
developed a stable and linear VFO that 
they called the linear master oscillator, or 
LMO. It covered 5.000 to 5.500 MHz 
and came preassembled with a warning 
not to open the unit. The cabinets were 
also made on the outside and used a rear 
piano hinge for the lid and had nicely 
rounded corners like Collins cabinets 
did. Crystal lattice filters were used for 
selectivity and sideband generation at a 
center frequency of 3395 kHz. The first 
product of the Heathkit SB-Line was the 
SB-300 receiver covering 80/75 to 10 
meters and receiving SSB, CW, and AM 
if equipped with all optional filters. 

In 1964, the matching SB-400 SSB- 
CW transmitter appeared on the market. 
It looked much like the SB-300 except 
that the two upper controls on the SB- 
400 were higher on the front panel than 
the Function switch and AF Gain control 
on the SB-300. The crystal lattice filters 
used in the SB-300 are a unique larger 
size not used by any other SB-Line 
product. The filters and the position on 
the front panel of the FUNCTION switch 
and AF GAIN control were unique to the 
SB-300 because of it being the first unit 
in the future SB Line. 

The summer of 1965 saw the first 
transceiver join the SB-Line, the SB-110 
six meter SSB-CW transceiver running a 
pair of parallel connected 6146 tubes in 
the final for 180 watts PEP and 170 watts 
input on CW. The SB-100 80/75 to 10 
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meter SSB-CW transceiver entered the 
marketplace in time for Christmas of 
1965, and was quite successful. 

Heathkit stayed active in the amateur 
radio marketplace until about 1984 and 
maintained some presence until 1992 
when they exited the kit business. I was 
sorry to see them go. 

Bob Drake, of R. L. Drake Company, 
starts ham radio products with the 1A. 

R. L. Drake started in business in 1943, 
initially building low pass and high pass 
filters for radio communication. Drake 
built other items for amateur radio, like 
phone patches, to enter the ham radio 
business. 

In 1957, Bob Drake developed a unique 
receiver designed for SSB and CW use 
primarily, but with AM receive capability. 
The receiver used a crystal controlled 
first conversion and tunable first IF like 
the Collins 75A-1 from 1946. It used a 
last IF of 50 kHz with the Drake passband 
tuning for selectivity for each mode. The 
receiver was small and light at 6.75 inches 
wide, 11 inches tall, and 15 inches deep 
and only 18 pounds. He tried to interest 
National and Hallicrafters in the receiver, 
but found no interest from either 
company. Backed by a commitment to 
buy the first 100 receivers from Universal 
Service, a large amateur radio dealership, 


he built them at the R.L. Drake Company, | 


launching Drake as an equipment 
supplier. 

The popular Drake model 2A and 2B 
amateur radio receivers followed the 1A 
in 1960 and 1961 until 1965; the 2 series 
receivers were more conventional looking, 
but still small and light at 14.5 pounds. 
They continued all the ideas of the 1A 
design. 

1963 saw the release for sale of the TR- 
3 transceiver along with a family of 
equipment to use with the TR-3 like a 
speaker, power supplies (fixed AC and 
mobile DC), and a remote VFO to split 
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the receive and transmit frequencies for 
working DX. The well known TR-4 
followed in 1964 with the same family of 
accessories. 

1964 also saw the start of the Drake 
famous 4-Line with the R-4 receiver, a 
more deluxe receiver than the earlier 2- 
Line. 1965 brought the T-4 transmitter 
that could transceive (only transceive; no 
internal VFO) with the R-4 or the later 
receivers, the R-4A, R-4B, and R-4C. 
1966 brought the T-4X transmitter which 
could transceive with any of the R-4 
receivers, or either unit could control 
their own frequency with their own VFO. 
Drake went on to make more accessories 
to use with their transceivers and 4-Line 
units including wattmeters, station 
consoles, linear amplifiers, and 
transverters. 

Later, Drake made a solid state 
transceiver, and solid state receivers, but 
no solid state transmitters. The 
transceiver, the TR-7, was joined by an 
L-7 and L-75 linear amplifiers, but fewer 
other units to make a full station. 

Signal One 

1968 saw Signal One, developed by 
Richard Ehrhorn, to build the CX-7 
transceivers. 

Starting in 1968, Richard Ehrhorn 
(W4ETO), later famous for the Ehrhorn 
Technological Operations and Alpha 
linear amplifier fame, teamed with Don 
Fowler (W4YET), to start Signal One in 
Florida, a division of Electronic 
Communication International, a military 
division of National Cash Register to 
build the very deluxe and loaded with 
internal added functions as the model 
CX-7 transceiver. The CX-7 had two 
built-in VFOs to allow splitting the 
receive and transmit frequencies to work 
DX or receive two signals in the same 
band at the same time, passband tuning, 
a speech processor, a noise blanker, 
broadband no tune up operation for the 
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vacuum tube final, a 
built-in keyer, break- 
in CW keying, and 
Nixie tube digital 
frequency readout to 
the nearest 100 Hz. 
The CX-7 was a high 
priced and feature- 
loaded transceiver that 
survived through 
several owners and 
many location changes 
for about ten years. 
Ten-Tec also starts 
in 1968. 
Al Kahn (K4FW) 
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Please don’t call it a TRANSCEIVER... 


and Jack Burchfield 
(K4JU) founded Ten- 
Tec in 1968 starting 
with low-power, solid- 


state CW radios of 


Some people don’t like transceivers. Too 
much compromise, they claim .. . only sepa- 
rate transmitters and receivers can deliver 
really top-notch performance under all con- 
ditions... 


Pretty hard to argue that point... UP UN- 


range, AGC merit, VFO smoothness, inter-— 
ference rejection... 


COMPARE the CX7 with any transmitter 
for continuous power output in all modes,- 
P.A. ruggedness, crisp audio punch, low _ 
distortion, instant CW break-in and spotting, : 


TIL NOW! 


simple design. The 
Power Mite series of 
radios sold well and 
started the company on 
the way to better and 
more complex radios. 
Many models were 
made for SSB and CW. 
Al Kahn died in 2005 
at age 98. Ten-Tec is 
still apparently in 
business, although 


/receiver combination 


PAST... 


BUT NOW... SIGNAL/ONE brings you the 
DELUXE INTEGRATED STATION .... 
.. .more performance than any transmitter/ 


... more convenience than any transceiver 
... unprecedented versatility 


COMPARE IT POINT-BY-POINT with 
the NO-COMPROMISE CX7... 


COMPARE the CX7 with any receiver for EF. SIG(1E| | OME 


sensitivity, selectivity options, dynamic 


quick band-change ... 


COMPARE the CX7_ with any transceiver 
for total size and weight... the extreme 
flexibility of its dual-channel system .. . the 
convenience of its completely self-contained 
design... 


CONSIDER the CX7‘s incomparable fre- 


WHATEVER YOUR CHOICE IN THE quency coverage and readout precision . .. 


aerospace-bred excellence in engineering 
and craftsmanship... built-in “extras”... 
overall versatility... 


“It Speaks for Itself” 


A Division of ECI (An NCR Subsidiary ) 


2200 Anvil Street N. * St. Petersburg, Florida 33710 


having a difficult time in recent times. A 

new owner claims all will soon be well; I 

sent them best wishes. 

Dennis Had starts Dentron Radio in 
1974. 

Dentron Radio, like many start-ups, 
began in Dennis Had’s basement, first 
building 160 meter transverters that put 
80/75 meter radios on 160 meters. He 
soon moved the company to Twinsburg, 
Ohio, and added antenna tuners and 
linear amplifiers to the Dentron product 
line. Dentron relocated to Stow, Ohio, 
in 1980 and did quite well with linear 
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amplifiers and antenna tuners. Dennis 
sold the company in 1981; I started 
working as the (only) engineer in 
December, 1981. I developed a number 
of new products, some of which saw 
some production and success. A lot of 
strange events took place; Dentron was 
closed down in the summer of 1983 by 
Toledo Trust, the bank holding the Small 


Business Administration operating loan. 


EL 
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Dear Ray and George Misic 

It took a couple more weeks for the ER #365 to reach to Japan; also I need several 
days with dictionary to read through all the fascinating articles. Now that I arrived to 
[read] George’s article about SBE transceivers. 

On the last part George wrote about Japan-made SB-36 which I was very much 
intrigued and did some web research in Japanese. 

The outcome is that Frontier Electric is the company who produced the rig in Japan. 
I am attaching an image; 
¢ The earliest exposure in Japan is the top page of Nov 1970 of Japanese CQ magazine. 
The rig has black front panel. 
¢ The next I could find was from Nov 
ember 1974 Ham Journal quarterly 
magazine. The author (Mr. Hirakawa, 
JAIFSL) is the owner of the company. The 
rig at the bottom of the page has silver 
front face. 

The web research tells me that Digital- 
500 is “rare” even in Japan. The Frontier 
Electric Company later turned its business 
to linear amplifiers such as Super 3500 
EA. 

At that time the market was apparently 
heading for digital readout but nowadays 
I would rather like to work with rigs that 
have unique and precise mechanism such 
as those of SB-33/34. 

Best regards, 

Hiroshi Ogawa 

Tokyo, Japan 
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AM Carrier Net: Sunday mornings, 8:30AM local Eastern time, 3835 kc. QSX W2DAP. Friendly format. 

Antique Wireless Association AM Net: Sunday 16:00 EST, 3837 kc; Sunday 19:00 EDT. QSX Joe, W3GMS 
Arizona AM Nets: Sat & Sun: 160M 1885 kc @sunrise. 75M 3855 kc@6 AM MST. 40M 7293 kc 10 AM MST. 6M 50.4 
Mc Sat 8PM MST. Tuesday: 2M 144.45 7:30 PM MST. ; 

Boatanchors CW Group: QNI “CQ BA or CQ GB” 3546.5, 7050, 7147, 10120, 14050 kc. Check 80M winter nights, 
40 summer nights, 20 and 30 meters day. Informal nightly net about 0200-0400Z. 

California Early Bird Net: Sat. mornings @ 8 AM PST on 3870 kc. 

California Vintage SSB Net: Sun. mornings @ 8AM PST on 3860 +/- 

Colorado Morning Net: Informal AMers on 3875 ke daily, Mornings Only at 6:00 AM MT MT, QSX 
K@OJ. Also try Sunday morning at 6:00AM MT on 3885. 

Collins Collectors Association Nets Quoted from the 8/18 CCA Signal Magazine: Sunday 14.263 Mc @ 2000Z. SSB nets 
held Tue.& Fri. 3775 kHz, 8:30 - 10:00 PM CT. Fridays 3895 kHz PM PT. The CCA First-Wednesday AM Night: check 
+ 3880 kHz at 6-8 PM inthe East, 7 PM in the Central and 8 PM in the Mountain and Pacific time zones. 

Drake Technical Net: Sunday 7238 kc, 4PM Eastern. QSX Jeff (WA8SAJ), Mark (WBOIQK), Doug (W9DCQ), Bob (W4WTO), 
Evan (K9SQG) Drake Users Net: Check 3865 kc, Tue. nights @ 8 PM ET. QSX Evan (K9SQG) Drake WestCoast Net: 3895 
KHz +/- QRM, Thursdays at 8:00 PM Pacific Time 

DX-60 Net: Meets on 3880 Kc @ 0800 AM, ET on Sun. QSX Steve, WA2TOW 

Eastern AM Swap Net: Thu. evenings on 3885 kc @7:30 PM ET. Net is for exchange of AM related equipment only. 
Florida AM Group: Sunday Morning Roundtable 3885 kc, 6:30AM Eastern Time, with 6AM Eastern Time pre-net. QSX 
for both nets Warren, W1GUD 

Fort Wayne Area 6-Meter AM Net: Meets nightly @ 8 PM Local ET 50.580 Mc. Modes: Tues: SSB, Wed. FM, Thurs, AM. A 
long-time net, meeting since the late ‘50s. Most members use vintage and homebrew equipment such as a G-50 on AM! 

Gulf Coast Mullet Society: Thu. @ 6PM CT, 3885 kc, QSX control op W4GCM in Pensacola. 

Grey Hair Net: A continuous active net since 11/24/1953! 160 meter AM Tue. evening 1945 kc @8:00 PM EST and 8:30 EDT. 
Heathkit Net: Sun. on 14.293 Mc 2030Z right after the Vintage SSB net. QSX op W6LRG, Don. 

K1JCL 6-meter AM repeater: Operates 50.4 Mc in, 50.4 Mc out. Repeater QTH is Connecticut. 

K6éHQI Memorial 20 Meter Net: Now meeting Only Wed, 5PM PT, 14.330 Mc. Listen for Clark (KE7TRP in AZ) and 
KB3RHR in PA. Many newer AM’ers have found this net! 

Lake Erie Boatanchor CW Group (LEBN): Saturdays @9 AM ET on 7092 kc. QSX op Ron (W8KYD) or Jeff (K3KYR) 
Midwest Classic Radio Net: Sat. Mornings 7:30 AM, CT, on 3885 kc. Only AM checkins. Swap/sale, hamfest info, tech info. 
QSX John, K9KEU. For info email NYCQX@hotmail.com. 

Mighty Elmac Net: Wed. @8PM ET (not the first Wed., reserved for CCA AM Net), 3880 +5 kc, OSX: Rex WA6GYC 
MOKAM AM’ers: 1500Z Mon. thru Fri. on 3885 kc. A ragchew net open to all interested in old equipment. 

Northwest AM Net: AM daily 3870 kc 3PM-5PM winter, 5-7 PM summer, local. 6M @50.4 Mc. Sun., Wed. @8:00 PM. 2M 
Tues. and Thurs. @ 8:00 PM on 144.4 Mc. 

Nostalgia/Hi-Fi Net: Started in 1978, this net meets Fri. @7 PM PT, 1930 kc. 

Old Buzzards Net: Daily @10 AM ET, 3945 kc in the New England area. 

Old Military Radio Net: East coast, Sat. mornings starting 0500, 3885 kc +/- QRM. QSX Ted, W3PWW. It isn’t necessary to 
check in with military gear, but that is what this net is all about. Late checkins are welcome. 

Philadelphia Area 6 Meter AM Net: Every Wednesday night 9PM, about 50.400. QSX Steve, K3ALV 

Southeast AM Radio Club: Tue. evening swap, 3885 @7:30 ET/6:30 CT. QSX op Andy (WA4KCY), Sam (KF4TXQ), Wayne 
(WB4WB). SAMRC also for Sun. Morning Coffee Club Net, 3885 @7:30 ET, 6:30 CT. 

Southern Calif. Sun. Morning 6 Meter AM Net: 10 AM 0n 50.4 Mc. QSX op is Will (AA6DD). 

Swan Nets: Users Net Sun 2100z 14.293Mc+/-QRM. QSX op rotates Jim (WA5BDR), Ron (KC7PSY), Bill (W4WHW), 
Jay (WBOMWL). Tech Nets: Mon 2300z 14.252Mc QSX op Steven (KB7BGS) / Sat 2-4pm ET 7.235Mc QSX op Stu (K4BOV) 
Texoma Trader’s Net: Sat. morning 8:00AM CT 3890 kc, AM & vintage equip. swap net. 


POUR ESE Mean rene as img Si 5 mmm 


West oon AMI Net: 3870 kc Wed 7PM PST 8PM Peer. Early check-ins: Skip (K6LGL) 6PM PST 7PM PDST. Net 
control rotates: Brian (NI6Q), George (WA6HCX), Sharon (K6IRD), Steve (KF6SYD), Vic (K6IC). 

Westcoast Military Radio Collectors Net: Sat. 6:00PM PT, 3985 kc +OQRM. QSX Dennis, KD6TKX. www.mregwest.org 
West Coast Vintage Military Radio Net: Sunday at 8 AM local Pacific Time, 3974 kc AM 


Wireless Set No. 19 Net: Second Sun. 7270 ke (+/- 25 Kc) @ 1800Z. Alternate 3760 kc, +/- 25 ke. Oot: Dave (VA3ORP). 
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Advertising Information: Please Read 
Ads received AFTER the deadline will be held for 
the NEXT issue. 


How to SubmitAds: WEGREATLY ENCOURAGE ALL ADS TOBE 
SENT BY EMAIL. Ads are printed the way they are received. If an ad 
must be sent by regular mail, neatly print or type the information so it 
is LEGIBLE. Ads that are not legible will not be included. We are not 
responsible for ads sent by mail that are lost by the postal system or ads 
that are not legible. Not all readers use email, so include phone 
numbers if a response is desired. 


Do not mail ads a week before deadline and expect them to 
show up the following month. 


Ads run ONE month UNLESS CLEARLY STATED otherwise. 


monthly, directly below where it says “Deadline.” Email is prefered for 
receiving ads. Please email for the display ad rates, they are different 


from regular classified ads. 


How to Count Words: The words “FOR SALE” or “WANTED” and 
all of your contact information counts as 7 words total no matter how 
many real words there may be. Contact information is: Your name, 
address, phone, email, etc. Then, 20 minus 7 equals 13 words remaining 
for the description. Hyphenated and slashed words/numbers count as 
2 words. 


Subscribers receive 1 free 20-word ad per month. Extra words 
| are 20 cents. Please count the words in your ad as above. If you 
are over 20 words, send payment for the extra words at 20 cents 
for each word by check or money order in the mail, or via PayPal. 


No Free Words for Non-subscribers: $15.00 minimum for each ad up 
to 20 words. Each additional word is $1.00. 


Electric Radio 
PO Box 242, Bailey, Colorado 80421-0242 
Ray@ERmag.com (Emailed ads are preferred.) 


@ DEADLINE for Jan. 2020 is Friday Dec. 20! 
8 
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MANUALS FOR SALE Military Radio 
manuals, original. & reprints. List for 
address label & $1.50. For specific 
requests, feel free to write or best- email. 
Robert Downs, 2027 Mapleton Dr., 
Houston, TX 77043, wa5cab@cs.com 


FOR SALE: Vintage broadcast monthly 
magazines, Western Electric Pickups, 
RCA Broadcast news; Product catalogs 
from RCA, Gates, Collins. Details on 
request. Gary, KEGLH @volcano.net 209- 
418-4741 (text or voice) 


FOR SALE: Army manuals TM11-5800 
series, 462 manuals, best offer for the lot. 
Dean, soderling@hotmail.com 612-869- 
9264 


FOR SALE: Collins SC-101 Station 
Control. The package is all factory original 
(including paint) in excellent electrical 
and cosmetic condition to complement 
your KWS-1/75A-4 Gold Dust Twin Station. 
This is a complete original SC-101 
package consisting of: 312A-2 Control/ 
Speaker Unit, 68Y-1 Antenna Selector 
Unit, 534A-1 Cable Harness and Wiring 
Duct, including original manual. $6800 
FOB Huntington Beach, CA. Pete, K5PZ, 
(214) 212-0979, KSBPZ@ARRL.NET 


FOR SALE: BTI RF-2000 HF Linear 
Amplifier. This is the 2-piece tabletop 
version of the floor mounted BT| LK-2000 
Linear Amplifier. With this version of the 
amplifier there is a Desk Top RF Deck and 
a power supply on the floor. The amplifier 
has been fully restored and is in excellent 
condition. A good spare 3-1000Z tube is 
included. $800 FOB Huntington Beach, 
CA. Pete, K5PZ, (214) 212-0979, 
K5PZ@ARRL.NET 


FOR SALE: Central Electronics 600L HF 
Linear Amplifier. The amplifier is in 
excellent electrical and cosmetic 
condition. The HV power supply has been 
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converted from 866 rectifiers to solid state. 
A good spare 813 tube is included. $650 
FOB Huntington Beach, CA. Pete, K5PZ, 
(214) 212-0979, KSPZ@ARRL.NET 


FOR SALE: Rare National Radio SC-2 
Speaker/Coil Storage Unit for use with an 
HRO-60 or HRO-60R Receivers (either or 
both are available, as well as coils, for 
extra cost). The unit has an 8" speaker 
with National Logo and has compartments 
behind doors that store up to 10 HRO 60 
Coils. The SC-2 is intended to mount in a 
rack cabinet or the National MRR-2 Table 
Rack (which is not included). $300 FOB 
Huntington Beach, CA. Pete, K5PZ, (214) 
212-0979, KSPZ@ARRL.NET 


FOR SALE: Navy, RU-18 Receiver, 9 
Coils, Serial number match, 
WildBillKOIKP @ aol.com, 303-229-4611 


MOVING SALE: Must downsize and sell 
following gear. All working and in good to 
excellent condition. Will accept any 
reasonable offers. Collins 75A3 rack 
mount, RME 4300 Rec. Heath SB-620 
Scope, R390A, R390A Tech Manual, 
Johnson Challenger, Gonset GSB-100, 
Heath DX-100, Hammarlund HQ-110, 
Drake R4/TX-4 with power supply, 
Hammarlund HX-50, Heath 
HW101(Parts), Heath HamScan HO-13, 
multi-Products A54 Mobile transmitter, 
five tube receivers(4), Central Electronics 
CE-20A and 458 VFO, Hallicrafters S20R, 
National HRO-MX. Jeff Holmquest, 
K2EWM, jeffholmquest167 @gmail.com, 
910-420-8712 


FOR SALE: Books: 1) The Principles 
Underlying Radio Communications, 
Signal Corps US Army, Revised to 24 May 
1941, $100. 2) The Radio Boys at the 
Sending Station, Copyright 1922, $25. 3) 
Radio Boys in the Secret Service, Copyright 
1922, $25. 4) The Boy’s Life of Edison, 
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eeccce 
= MEMORY __ " 


TUNE PROGRAM 


HELP NEEDED! 
The KPH “wheel” (repeating station identification) is generated by A-TRONIX 
keyboards, all of which need service. If you can assist the Marine Radio Historical Society 
with the repair of these units please write to info@radiomarine.org. We have the service 


manual. 


SAS aS Seay aera ee 


A-TRONIX CWKEYBOARD 


REGISTER FULL 


SSG HERR I) 


Copyright 1922, $25. Bob Lackey, W4QBE, 
1252 Worley Creek Road Lakemont, GA 
30552 bjlackey@windstream.net 706- 
782-3670 


FOR SALE: Collection of ARRL 
Handbooks 1938 — 1978, 35 in All, $140 
plus Shipping. Bill, KD4AF, 336-699-8699 


FOR SALE: Unbuilt Kits: Hallicrafters HT-, 


40K transmitter, $225.00; Knight P-2 SWR 
Bridge, $35. All complete with original 
manuals. Details and photos available 
via email. Pickup or pay exact shipping 
and packing costs by FedEx Office. No 
returns. John B. Curtis, WOCAR, 3146S 
Franklin St, Englewood, CO 80113. 
WOCAR @arrl.net. 303-619-0372 


FOR SALE: Two Precision model 10-12 
tube testers, rebuilt, look and work good, 
$300 for both. Local Pickup Only. Walter, 
718-456-1988 
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FOR SALE: RCA 1950’s console color TV 
20 inches CRT beautiful mahogany 
wooden cabinet $95. Toshihiko Yamada, 
7107 175th PL SW, Edmonds, WA 98026, 
ja1ftc @ hotmail.com 


FREE FOR SHIPPING: 60 years collected 
of mostly new and small parts (caps, 
resistors, mechanical, cabinets, etc.) sold 
as a lot/lots for shipping costs only. Email 
for info and jpegs. Ralph Fowler, W5UF, 
ralfowler @ att.net 


FOR SALE: Swan VHF-150 2 Meter 
Amplifier with Spare 5894, $125. HAL 
DKB2010 CW/RTTY Keyboard, $10, and 
price includes shipping. Doc, KOGRM, 
701-258-6747 


SACRIFICE: NOS Bud WA-1541 
Portacabinet, 81/8" wide x 12" deep x 9" 
high. Just pay UPS shipping. Louis 
D’Antuono, WA2CBZ, 8802 Ridge Blvd, 
APT C-2, Brooklyn, NY 11209 718-748- 
9612, Call After 6 PM EST 
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SSB Adapters from Treetop Circuits 
Available for Collins 51J3/4, R-388, R-390(A), 75A2/3, Hammarlund SP-600 


Installed in Receiver and Powered By Receiver 


Control functions, look, and feel are unchanged. Adapter is activated when you turn 


on the BFO. 


SSB performance is greatly improved. 


We recommend you visit www.treetopcircuits.com for complete manuals. 


Email: radio@treetopcircuits.com Phone: 613-449-7931 


COLLINS Model 550 Broadcast 
Transmitter. $2,800 pick-up in Hartsdale, 
New VOTK Pete NOHXW, 
1peter.stratigos@gmail.com 914-338- 
4172 


FOR TRADE: Commodore PET 2001 
(32008), working, plus 16K RAM. Trade 
for fixable vintage Wang or HP calculator 
etc. Brian White, Arlington MA, 
brian.white@umb.edu, 781- 504-6384 


FOR SALE: Lifetime collection of vintage 
electronic test equipment including bench 
equipment and “in process” rehabs, ham 
equipment, tools, parts, manuals, work 
benches, shelving, and more. Please 
contact katrinawreede@gmail.com for 
complete list and photos. 


FOR SALE: Valiant & Ranger VFO dials 
$21.95, Ranger long bolts (3) $19.95, 
Valiant long bolts (4) $23.95, plus 
shipping. KiTLI, 508-965-7400, 
www.johnsonradioresto.com 


FOR SALE: 50’s 60’s Classic American 
ham-gear in exceptional condition. Your 
fair offer determines price. https:// 
www.qrz.com/db/W5JV. QSL W5JV Doug 
Hensley, 5678 College Drive, Baton 
Rouge, LA 70806. (See my previous ER 
ads.) 


FOR SALE: Heathkit Book: Classic 
Heathkit Electronic Test Equipment by 
Jeff Tranter. $19.95 from lulu.com and 
amazon.com 


UHF & More 


| RF Connectors & Gadgets 
www. W5SWL.com 


Specializing in RF Connectors & Adapters - BNC -C - DIN- FME-N-SMA-TNC- 


Attenuators - Loads & Terminations- Component Parts- 
Hardware -Mic & Headset Jacks 

Mounts- Feet - Knobs - Speakers - Surge Protections- 
Test Gear Parts- Tools 


W5SWL Electronics 
PO Box B 
Mulberry, AR 72947 


www.W5SWL.com 
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HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
EZ HANG SQUARE SHOT! 


EZ Hang, Code E 
75 Goldfinch Way 
Capon Bridge, WV 26711 


EZ Hang’s custom construction is welded/ 
bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 
wrist support to fit a man’s hand, with new UV 
resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. The EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. The EZ Hang comes with a one year 
limited warranty. We now have 14,000 satisfied 


www.ezhang.com 


Call Today! 


customers around the world! 


304-856-1026 


FOR SALE: Amateur Band FT243 crystals, 
hc6u, FT171B, hc49 etc. Crystal sockets 
and more. Brian Carling, AF4K 
CRYSTALS, 117 Sterling Pine Street, 
Sanford, FL 32773 USA. TEL: 321-262- 
5471 http://af4k.com/crystals.htm 


FOR SALE: SSB Adapters for Collins 51J, 
R388, 75A, R390, Hammarlund SP600 
series receivers. 613-449-7931 
www.treetopcircuits.com 
radio @treetopcircuits.com 


FOR SALE/SWAP: NOS parts and 
components-resistors, capacitors, 


chokes, tubes, crystals, sockets, plugs, 


jacks, knobs, vernier dials, meters, 
transformers, chassis, enclosures, 
miniboxes, more. NI4Q, POB 690098, 
Orlando, FL 32869. ni4q@juno.com 


FOR SALE: VINTAGE ALPHAAMPLIFIER 
OWNERS! New replacement front panels 
and covers for Alpha 76A, 78, 374A, 77Sx 
and 77Dx. Available from 
www.islandamplifier.com or contact John 
Stanford, KF6l, directly at 
wb8svn @ gmail.com or 714-412-7399 
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FOR SALE: HF Radio interfering with your 
phones? Try these plug and play filters. 
1st for $4, others $3 each plus shipping. 
Brian Harris WAS5SUEK 
cosmophone @ yahoo.com 


FOR SALE/TRADE: Transmitting/ 
Receiving tubes, new and used. LSASE 
or email for list. WANTED: Taylor F52, 
8008, TR40M and Eimac 100I/G. John H. 
Walker Jr., 13406 W. 128th Terr., Overland 
Park, KS 66213. PH: 913-782-6455, E- 
Mail: jwalker83 @kc.rr.com 


DRAKE OWNERS: Solid State LED Lamp 
replacements for all 4-line and 7-line 
equipment. Don, N90OO, WEB: 
www.radiolabworks.com/products or 
phone 262-358-0266 

SERVICE FOR SALE: R390A repairs & 
rebuilding. Bill Riches, WA2DVU, Cape 
May, NJ. 609-465-5005 
bill.riches @ verizon.net 

QSLs FOR SALE: Your old QSL card? 
Search by call free, buy find at $3.50 ppd. 
Chuck, NZ5M, nz5m @arrl.net 
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SERVICE FOR SALE: Let’s get that old 
radio of yours working again! Antique 
Radio Repair - All Makes- Also Transistor 
Radio Repair. Tom Senne, AC8DA, 937- 
258-0124, Dayton OH, hittp:// 
TomsAntiqueRadioRepair.com 


MANUALS FOR SALE: Hundreds of 
manuals available for vintage ham gear, 
test equipment and other electronics. High 
quality photocopies at reasonable prices. 
Some originals also available. Please 
email or call with your needs. David 
Crowell, KA1EDP, 401-934-1845 
ka1edp @ yahoo.com 


ACCESSORIES FOR SALE: Spun 
Aluminum Knob Inlays for most 
Boatanchors. Collins Dial Drum Overlays. 
Dakaware Knobs. Charlie Talbott, 13192 
Pinnacle Lane, Leesburg VA 20176-6146. 
540-822-5643, k3ich @arrl.net 


SERVICE FOR SALE: SMO and module 
repair for KWT-6, URC-32 and other Collins 
radios. Jim Whartenby, 
antqradio @ sbcglobal.net, 501-282-2991 


INFO -see www.navy-radio.com for photos 
and info on Navy radio gear. Nick, K4NYW, 
navy.radio @ gmail.com 


WANTED: Rockwell-Collins HF-282. 
Markus Thomerson, k5ufo @arrl.net, 940- 
443-4500 


WANTED: RME transmitter parts, info pre- 
KD2AZI 


1945 Jeffrey 
RadioArtistry @ gmail.com 


WANTED: CRT shield, socket and bezel 
from Tektronix 310/315/360. Brian Shore, 
KV4EX, bsskv4ex@gmail.com 2130 Jen 
Rae Road, Green Bay, WI 920-445-3643 


WANTED: B&W #3720 160HDVL 160- 
meter variable-linked transmitting coil in 
good condition. Bruce, WX10, 802-989- 
0013, bicycleholidays @ aol.com 


WANTED: Archer Globe _ Patrol 
regenerative receiver. TUBE VERSION 
ONLY! State condition and price. Rick 
Tenney 84 Branch Turnpike Unit #64 
Concord, NH 03301 603-591-1020 
AB1BM @ARRL.net 


WANTED: One recent Mouser Electronics 
big paper catalog. Herb, K9GTB, 1727 S. 
RODGERS AVE, Alton, IL, 62002 1-217- 
851-1289 


WANTED: Old slide rules for personal 
collection. Send information § to 
db_cunningham @ hotmail.com 


WANTED: Service Manual for Harris RF- 
103A Amplifier. Uses a single 3-1000Z. 
73 Nick K5EF 504-400-8873 or 
nick.tusa @ tusaconsulting.com 


WANTED: SCR503 Direction Finder Radio 
or Components: - Radios BC973/ 
BC1003 and accessories. Anthony 
Norden, Hertfordshire, England, MOWWV. 
agwnorden @ aol.com 
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Hayseed Hamfest LLC - Cedar Rapids, lowa 


CAN CAPACITOR 


Can-caps.com 


December 2019 


ZIM ELECTRONICS INRUSH gla ith A LIMITERS 


Inrush Current Limiters are now available from the Elec- 
tric Radio Store or on-line! These inrush limiters were 
reviewed in the September 2004 issue of Electric Radio 
and are available in two versions: 


Model AB-1M, (With Voltimeter,...........ssssssssssssreescssessessees 
Model AB-300M, with meter, 300 watts (2.5 amps x 120 


COOOSOEEHOHEOHOH OHSS OOHSOAHSHHHSHSHSSSOSOOOHOHOHGHOHHOOOSOSEOOD 


SCOHOSHHHHEHHOHHSHHSHHOHHHHSHOOHSOO®D 


(Overseas customers please ask for shipping quotes.) 


The Inrush Limiter provides a slower startup for your 
valuable vintage radio equipment. The voltage drop 
across the limiter element is high when cold. As they 
warm up the voltage drop decreases. If you are con- 
cerned about high inrush current damaging your 
older equipment, this little product will prevent such yy crered Inrush Limiter zi 
| damage. They are not intended to be used as a voltage- Models AB-1M AB-300M 
reducing device. The AB-1M is 150W. All models 
come with a full money-back guarantee. 


Electric Radio Store 
720-924-0171 


For photos and history of Chatham Radio, WCC, “ The World’s Greatest Coastal 
Station,” see www.WCCARA.com , by the WCC Amateur Radio Association. 


Drake Manuals on CD 
The R.L. Drake manuals that were 


compiled by HamManuals are again 
available from Electric Radio! 

This is a high quality 2-CD set of 
manuals for the ham equipment that Drake 
produced. Also included are official Drake 
modifications and all of the 3rd-party 
modifications by Sherwood Engineering, 
and others. 

Now all of your Drake service 
information can be in one place and you 
won’t have to worry about not having a 
manual when a new piece of equipment 
enters the shack. 

These CDs were originally sold for 
$71.95, but are now available for only 
$24.95, which includes priority shipping. 

Electric Radio 

720-924-0171 or on the Internet: 

www.ERmag.com 


Series 1 « Disk 1 
RL. Drake Co. 


System 


Requirernents: 
Any computer with 
Adobe Acrobat Reader®. 


Performance will vary 


depending on speed of 
the computer. 
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Tubes, Tubes, Tubes 
for your next project! 


Electric Guru Parts House 


www.electricgurupartshouse.com 
Phone: 262-833-7999 | 


Check out our website and download latest catalog. 
David Whitham, K9DQ, PO Box 212, Franksville, WI 53126 


W7FG True Ladder Line and 


Wire Antennas 
¢ 600 Ohm Open-Wire Ladder Line 
¢ The most trusted, reliable, all-band 
doublet for 20 years. | 
¢ Thousands in Use, Sold Worldwide 


¢ Use coupon code “ER” for 10% 


discount. 


www.trueladderline.com 
802-598-6825 


TrueLadderLine.com 


GS 


le World Class 


e Your Resource for * * Collins Radio * * 
T=\ (EN WN presse on 

¢ Offering Unparalleled Free as wellas.. 

e .... Exciting Member Benefits 

Signal Magazine 


e Visit at collinsradio.org & join the fun 
e See our Events Calendar 


-¢ Come see what the excitement is about 


iation 


NOTICE: Vintage SSB Roundtable every 
Tuesday at 7 PM Local Pacific Time, 
3895 Southwest USA. All welcome. Ron, 
K2RP@ARRL.NET 


NOTICE: Boatanchors Unlimited SSB 
Net, 7:30 PM Central on 3.870 every 
Wednesday since 1996. All are 
welcome. k8wozdan@gmail.com 


| WANTED: Vibrators: Oak V-6556, 
Plessey 614SC, James Vibrapowr C- 
1243 or any marked FSN 6130-249- 
5699. Non-functioning okay, but no 
obvious junk please. Rich Parker, 
_KB2DMD, 1205 Sleepy Hollow Rad, | 
_ Pennsburg, PA 18073, 215-541-1 099 | 
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The Midwest Classic Radio Net 
“pre-net” informal group is now the 
“WAQYZTY Vintage AM Net” in honor of 
Rob Hummel, WA9ZTY who passed 
away in 2008 but for a long time had 
been the net control of the Midwest 
Classic Radio Net. Rob’s callisnowa 
club call held by the WA9ZTY Net. The 
WAQYZTY Vintage AM Net meets after 
the Old Military Radio Net and before 
the Midwest Classic Radio Net: 06:45 
to 07:30 Central time Saturdays on 
3885 kc. 3885 kc is a busy place on 
Saturday mornings! 


December 2019 


Electric Radio T-Shirts 

The front displays the logo from the cover of ER (the tube logo, 
Electric Radio, and “celebrating a bygone era”). The back has “Real 
Radios Glow in the Dark” (used 
with the permission of Classic 
Radio). The T-shirts are 100% 
cotton and come in Small, 
Large, X-Large, XX-Large. 
The color is slightly lighter than 
the cover of ER. $19.00 
delivered, $20.00 for XXL. 
(Medium Available by Special 
Order) 


The Collins DVD Repair Library 


THE COLLINS AND HAMMARLUND VIDEOS NOW AVAILABLE ON DVD! 


Now you can work on your classic equipment with the help of these world-famous, digital- 


format DVDs that work on standard DVDplayers and computers! 


With these classic references on DVD, viewers will benefit from the latest technology in 
the world of video. You can instantly access whatever part of the video you want. 


Collins KWM.-2.. 4 hours, $89.95 
Collins 75S-3 and 32S-3 } 2 hours, $89.95 
Collins 30L-1 1 hour, $39.95 
Collins 30S-1 1 hour, $39.95 
Collins KWS-1 

Collins 75A-4 

Collins R-390A 

Collins R-390A Addendum 

Hammarlund SP-600JX 


Priority shipping within the US is $7.50 each for the first two 
DVDs, additional titles are shipped free. 


ER BOOKSTORE, POB 242, BAILEY, CO 80421-0242 
720-924-0171 or WWW.ERmag.com 
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—ELECTRIC RADIO BACK ISSUES— 


e AllElectric Radio back issues are either from the original press run or lithographic reprints 
from the original negatives. Shipping prices are for delivery by media mail within the USA. 
Overseas, please inquire for shipping quotes. 

e The easy-to-use searchable database for previous ER articles is found at the Electric Radio 
web site (WWW.ERmag.com), “Back Index,” at the right side of the main page. 


¢ We no longer have all of the back issues of Electric Radio from #1, but the remaining 
stock of back issues are available at discounted prices, depending on the number 
ordered, plus shipping. They are sold with at least a 56% discount the over single-issue 
price. For a full set of remaining issues, please call for a quote while they are still 
available. Many of the early issues have less than 5 in stock. 

e Single Issues: $4.00 Each, Postpaid 

e 1-Year Sets (Or Any 12 Issues) $40.00 per year + $7.50 Shipping 

© Special Deal on Any Four Years (Or Any 48 Issues): $125.00 + $9.00 Shipping 

e Foreign Customers: Please Inquire for Shipping Rates 


—COMPENDIUMS— 
All of the Collins compendiums are produced in nice 3-ring binders. 
UPDATED MAY 2019! Collins 75A-4 Modification and Service Compendium: All the fac- 
tory service bulletins from Collins Radio Co., Collins Addendum info not in the Service Bulletins, 
and new articles never published in Electric Radio. Plus all the articles printed in CQ, Ham Radio, 
QST and Electric Radiio over the last 45 years, now 159 pages, many in color. 


eae Bh eg eg EAR Roa aos cannnndencn en sogaen ivdetiiedtaucage cusciee ame rtect Me ee ae 


Collins S-Line, KWM-1, KWM-2, KWM-2A Service Modification Compendium: 260 pages. 
Renal ae oh Aa, eee eR SNe Tree YS $47.00 plus $8.00 Shipping 


Collins KWS-1, 32V series, and 75A series (A1 thru A-4): 43 pages--------------- $17.00 plus $7.00 Shipping 
— BOOKS — 


A. Atwater Kent, The Man, the Manufacturer and His Radios: This 108 page book describes Kent's biogra- 


phy, his rise from a saleman and inventor of electrical equipment to boecome one of America’s foremost radio 
manufacturers. There are historic photographs and diagrams on nearly every page, and color plates with 


vintage AK advertising. ------------------------------------------------------------- 2 nn 2 nnn nnn nnn nnn nn nn nnn nnn nnn nnn nnn nnn nnnnnnnnns $26.95 
Crystal Clear: Crystal Sets, Crystal Detectors and Crystals, Volume 1: Both volumes are nice guides to 
crystal sets and related US-made equipment from 1920 to 1955, by Maurice Siever: ------------------------- $26.95 
Crystal Clear: Crystal Sets, Crystal Detectors and Crystals, Volume 2: -------------------------------------- $26.95 
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Hollow State Design, 2nd Edition: This is Grayson Evan’s (TA2ZGE/KJ7UM) wonderful book that has 
everything you need to know for working with vacuum tubes in one 277 page, high quality volume! 
ce EMT OER, WAN. MP hey hal che Dh UME Ns Mage Sennen cane haat babsiagtiN ee Oapit oe ale ais ocmpmkine ee me ate eg he hy $29.95 
Make Your Own Tube Testers and Electron Tube Equipment: This book by Gary Steinbaugh (AF8L), 
an ER contributor and a professional electronics engineer, is all about understanding tube testers and 
building them, and also contains many excellent projects such as power supplies and specialty 
oscilloscopes in one fun-to-use volume! There are 19 well-written chapters, 222 pages, with many 


pres eee SIT PT UNTO OMan ok cocu cece butanensct- <6 40% 0 pe <Ge os Shea acttaten shee popest on sinecGegeecaesceresscenranerresess $36.25 
Practical Radio Repair, Volume 1: Both volumes are practical guides to vintage radiio repair and quite useful: 
re Les i satanutath sasnncesbin copies telaunay arse voeMbnabpanvecnatancoededhdaaeqbesdpeeesecaneneiuindibnsudinorsosbendase $26.95 
Practical Radio Repair, VolUMe 2: ...............c ccc cceeeeceeeeeeeeeeeeeeeeeeeeeeeeenaaaaannnneeeeeeeseseeeeeeeeesenennegens $26.95 
The Collector’s Vacuum Tube Handbook: This is a 205 page book that is full of unique, hard-to-find 
information on tube types that were released before 1934. Includes history and good photos. ------------ $23.95 
Radios by Hallicrafters : High-Quality photos, descriptions, approximate values, and short histories of nearly 
eveniumamnade by/Hallicraiters: By Chuck DaChis: aa-=----aar mn mnnnn nnn rene nnnmne nn nmnn nnn nnn enn $26.95 


Radio Tubes and Boxes of the 1920s by Fathauer: If you appreciate the rare and colorful vacuum tubes and 
advertising art from the early days of radio, then this great 104-page book will be very interesting and 
IPOPITIEIVE OOK INTO VOAIS DASE, nanan nnn ne $24.95 
Shortwave Receivers Past & Present: This is Fred Osterman’s long-awaited 4th edition, 2nd printing, a 
hardbound, heavy, 800-page masterpiece, more like an encyclopedia than a mere handbook! Sure to become 
a classic volume, it contains info on over 1,700 receivers from 1942 to 2013, when the book was completed. 
Includes many hard-to-find details about European EQUIPMENL. ---------n----nmnnnnnnnnnnnmnnnnnnnnnnnnmnnnnnnnnnnnnnns $49.95 
Surviving Technology: This is our 2019 reprint Bruce Vaughan’s classic book that is all about his life in radio 
and his detailed information on building regenerative receivers. It was reviewed in the August 2019 issue of 
Electric Radio and is an all-new reprint from Bruce’s Original fileS.---------------------------nsennnnnnnnnnmannnnnnnnnes $34.95 


Poles, mentioning radio communications of the day. Now on close-out SAle, mnn-nnn nnn nnenne rane enennnnn= $6.50 
Tube Testers and Classic Electronic Test Gear: Written by Alan Douglas (SK), a retired engineer, this book 
is packed full of valuable information about test equipment. 166 color pages. -==---=--—-------- == $29.95 


Vintage Anthology, 2019 Edition: by Dave Ishmael (WA6VVL) is now in stock, as reviewed in the August 2019 
issue of Electric Radio in an all-new bound volume. 208 pages, topics divided into four chapters: Receivers, 
PF eilernitores, ¥ FOS, ANG! ACCOSSONCS~-sase— sen rns nnn rete ee $37.95 


The All-American Five Radio: This book is out-of-print and no longer available, sorry. 
Tube Type Transmitters: CURRENTLY OUT-OF STOCK. We have been trying to get more since March 2019. 


Ordering Information: 
Books are usually sent by USPS Media Mail 
Shortwave Receivers Past and Present, Hollow State Design, and Tube Type 
Transmitters are very heavy and are shipped media mail for $7.00 each. 


For other books, please add $5.50 shipping for one book and $1.00 for each 
additional book. Five books are shipped by media mail free to one address in the 
United States. No free shipping for overseas orders, overseas shipping has 
gotten very expensive. 

Checks and money orders by US mail are fine. 

Overseas and Canadian Orders: Please inquire for shipping quotes. 


Available by Mail Order or on the Internet at www.ERmag.com 


Credit Cards Welcome via PayPal Only: Call or Email for Details 
(We no can no longer accept credit card payments by telephone because 
of the extremely high fees we were being charged and burdensome 
restrictions placed against our web site from an overseas oversight 
company owned by the banks and credit card companies.) 
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COLLINS 
New Model 1000A 
Works With All 
Receivers 
51J Series 
51S-1 
75A Line 
75S Line 
KWM2 


R390 
$275 + $15 S&H 


DIGITAL VFO ALL COLLINS & DRAKE R4 SERIES 


Easy Plug-N-Play Installation, Just Plug In The Cable 
THIS IS A DIGITAL VFO ¢ NOT JUST A DIGITAL READOUT 
More Info & Order At kk4pk.com 


DRAKE 
All Tuning 
Is Done With 
The VFO 1000 
Providing 
Complete 
Digital Control 
For Highest 
Accuracy And 
Stability 
$250 + $15 S&H 


| 


JOIN THE AWA 
ANTIQUE WIRELESS ASSOCIATION 


PRESERVING & SHARING COMMUNICATION’S TECHNOLOGY HISTORY 


e Publishes the renowned quarterly AWA Journal 

e Sponsors the unique, world famous Antique Wireless Museum 

e Publishes the scholarly annual AWA Review 

e Produces the exciting Annual AWA Convention 

| Annual membership dues: $35 USA, $40 elsewhere. Visit the AWA Web Site at 

| www.antiquewireless.org to learn more about AWA and other membership options. 


WANTED: Manual & schematic for T-60 
60 kHz Time Code Receiver by Specific 
Products of Woodland, California. 
Whitham Reeve, whit@reeve.com, +1 
907-538-4663 leave voicemail. 


WANTED: Schematics for Vico (Video 
Amplifier Company) models 77,87,88, or 
89 hi-fi amps, circa 1958. Mike Zuccaro, 
858-271-8294 


SERIVICE FOR SALE: Racal tube 
equipment RA17 etc., RCA AR88 and 
Collins TCS. brian@kf6c.com 760 809 
7827. 
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WANTED: Command Sets BC-942 and/ 
or ARC-15 receivers. For rebuild, 
reasonable condition and price. Skip 
Magnuson , W7WG\M, 13906 N Minihdoka 
Trail, Spokane, WA 99208, 509-468-2502, 
magnuson @mac.com 


WANTED: WW Il German, Japanese, 
Italian, French equipment, tubes, 
manuals and parts. Bob Graham, 2105 
NW 30th, Oklahoma City, OK 73112. 405- 
525-3376, bglcc@aol.com 
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EZ Hang, Code E 
75 Goldfinch Way 
Capon Bridge, WV 26711 


www.ezhang.com 


Call Today! 


HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
EZ HANG SQUARE SHOT! 


EZ Hang’s custom construction is welded/ 
bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 
wrist support to fit a man’s hand, with new UV 
resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. The EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. The EZ Hang comes with a one year 


limited warranty. We now have 14,000 satisfied 


customers around the world! 


304-856-1026 


WANTED: Service for Watkins-Johnson 
WJ-8718 receivers. We have several at 
KPH that need repair. Can you help? 
info@radiomarine.org 415-990-7090 


WANTED: A photocopy or scan of “The 
Genesis of Station CHARLES” by George 
L. Graveson. Also “The OSS Comm Vets 
Papers, Second Edition.” 
davegsuur @ gmail.com 


WANTED: Teletypes for WWII museum 
working display. Models 14, 15, 19, 20, 
especially military, WWII versions. Low 


cost or donations near Colorado? Wayne 


‘WB40GM, hwhall@compuserve.com, 
719-574-5319 


WANTED: ARC-5 transmitter racks MT 
69, iee75,9°75, Steve,» K2DKT,, 
skeller53@gmail.com, 718-405-8378 


WANTED: Collins Manufactured Tubes 
ca 1936-1938- Need Air Cooled Triodes 
such as C-100E, C-200, C-211, C-251A, 
C-279A, C-800, C-802, C-841, C-849, C- 
852, Water Cooled Triodes such as C- 
207, C-858, etc, Air Cooled Rectifiers 
such as C-249A, C-357A, etc and Water 
Cooled Rectifiers such as C-214, C-237A, 
etc. Jim Stitzinger, WA3CEX, 23800 Via 
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lrana, Valencia, CA. 91355 818-519-4419, 
jstitz @ pacbell.net 


WANTED: R-390As. It was built to play, not 
sit and decay. | overhaul and find them a 
good home. Ted @x44.cc 


WANTED: Early Hewlett-Packard 
Journals from 1948 to 1955 for former 
employee hoping to complete his 
collection. Steve, W6SSP, 707-544-8142, 
Santa Rosa, CA. zarco@sonic.net 


WANTED: 1930's civilian airline radios 
air or ground station use- Any radios or 
test gear used by FCC Hallicrafters etc- 
Any HRO style radio made outside the 
USA. Tnx! Brian, KN4R, 
briankn4r@gmail.com, 704-657-8910 


WANTED: Collins R-389 receiver or 
clunker for parts, or any other R-389 stuff. 
Harry Weber, KC9QID, 4845 W. 107th St., 
Oak Lawn, IL 60453-5252 


WANTED: Cartoon QSL Cards designed 
by illustrator Otto Eppers W8EA - W2EA. 
Immediate CA$H. Pete, NL7XM @arrl.net 
or PO Box 3026, Easton, PA 18043-3026 
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Mil-Spec Communications 
R-390, R-390A, R-388 & Other Military Receivers 
Sales - Service -Manuals - Parts 


Box 633, Englewood, FL 34295-0633 


Please call us at: 941-474-6818 
FAX: 941-474-7874 
milspec39@@aol.com 

“Since 1985” 


WANTED: FCC and RID-related items. 
Anything HF/DF related. Black HROs and 
WWII German and Japanese radios. R&S 
SK010/3202 transmitter docs. Thanks! 
Brian, KN4R, 704-657-8910 or 
briankn4r@ gmail.com 


WANTED: Crystal Oscillator module (fits 
where clock goes) for Hammarlund HQ- 
180AX. Thanks. Byron W5FH, 
bjtatum1 @att.net or 936-545-2615. 


Makes it all easy 


Gimyson Evans — 


Were you first licensed 25 years ago — 
and licensed today? 


http://www.acwa.ora/join-renew.ph 


For more information, please contact: 
om@qcwa.org 


The Art an 
of Building with 
Thermatrons 


Available in the Electric Radio Bookstore! 
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16. Glactrons Copy Ciresiation 


WANTED: PRESS WIRELESS, NY: 
Photos, information WANTED on 
Hicksville, Baldwin, Little Neck, 
Centereach, Northville facilities. George 
Flanagan, 42 Cygnet Dr., Smithtown, NY 
11787 w2krm@optonline.net 631-360- 
9011 


WANTED: National NTE exciter, NSA 
speech amp and NSM speech modulator. 
| still love National! Sylvia Thompson, 
N1VJ, Hopkinton, RI 401-377-4912 


WANTED: Vacuum Tubes: 279A, 212E, 
249B, 258B, 271A, 242A, C120, C100A, 
804, RK20, CK70, GL805, C201, ZB-120, 
802. Components for Collins 12H /12N 


speech input console, including 
preamplifiers and program amplifiers. 
Rod, W5CZ, 303-324-2725, 


rodperala@ aol.com 


\ 
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WANTED: Seeking Ham/SWL/Weather 
unbuilt kits. Gene Peroni, KAGNNR, POB 
7164, St. Davids, PA 19087. 215-806- 
2005 


WANTED: Postcards of old wireless 
stations; QSL cards showing pre-WWII 
ham shacks/equip. George, W2KRM, NY, 
631-360-9011, w2krm @optonline.net 


WANTED: Manuals, manuals, and 
manuals for radio-related equipment to 
buy or swap. Catalog available. Pete 
Markavage, WA2CWA, 27 Walling St., 
Sayreville, NJ 08872. 732-238-8964 


WANTED: R390, R390A and R392 
receivers dead or alive or parts/ 
assemblies. Any condition considered. 
Will pickup if you have enough items. 
Glenn, WA4AOS, 864-684-2956, 
glenn@dsmlabs.com 


WANTED: Knob, Black center with silver 
outer ring for Hallicrafters S76 513/451/ 
1096; Rhigley599@aol.com Thanks 
Roger wé8crk 
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Subscription Information 
Published Monthly 
The monthly Electric Radio mailing date is posted at www.ermag.com. 
Rates within the US: : 
Ist Class Rate: $47 (mailed in envelope) 
Periodicals Rate: $36 


Rates outside the US, by airmail only: 
Canada : US $54 
All other countries: US $75 


Electric Radio 
PO Box 242 
Bailey, Colorado 80421-0242 
720-924-0171 


Office Hours: 9:00 AM to 5:00 PM MT, Monday to Friday 
Subscriptions and renewals maybe purchased online at 
WWW.ERMAG.COM 


email: Ray@ERmag.com 


Electric Radio 


Baseball Caps! 


Always popular, the Electric Radio 
baseball caps are a nice 6-panel all- 
cotton style with an adjustable rear 
headband and a3 inch front brim. The 
background color is khaki, and the ER 
logo is embroidered in 4 colors, not 
printed. These hats will hold up for a 


long time. 


$22.95, Priority Shipping Included 


ER Store, PO Box 242, Bailey, CO 80421 720-924-0171 


Or On-Line: www.ERmag.com 
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Electric Radio 
PO Box 242 
Bailey CO 
80421-0242 


Address Service Requested PERIODICAL 
12/19 


WS9ADJ 
James Beyer 


6213 Countryside Lane 
Madison WI 53705-1025 


NEED TO DOWNSIZE? 
CALL US TODAY! 


Estate planning for your ham, antique radio or 
audio equipment can be challenging. Take the 
stress off you and your family by calling us at 
816-455-5520 to see how we can help. 


We are a Midwest based online auction 
company with a global reach. 


Nationwide pickup services available. 


SCHULMAN 


AUCTION & REALTY, LLC 


: a - 73, David Schulman, WO@ERU 
ROCK Wed. COLLINS Unde 816-455-5520 or 913-568-3767 
SOLD FOR $2,150 david@schulmanauction.com 


www.schulmanauction.com/vintage-electronics 


